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Annual Report National Membership Committee 1923 


L. B. MACKENZIE, Chairman 


The past year has witnessed a 
healthy and pleasing growth in the 


membership of the Society. In fact, 
the membership has been passing 
through a process of reconstruction 


and at this time the increased mem- 
bership by no means represents the 
progress made. Dead wood has been 
weeded out, and it is felt that the com- 
ing year will witness an increased 
activity among the members of the 
Society which will be productive of 
much good to the entire welding in- 
dustry. 

During the past year Sections were 
organized in Los Angeles and Boston 
and a number of other Sections are 
in process of formation. 

Standard plans for organizing Sec- 
tions have been adopted, as well as a 
draft of Section By-Laws, to guide 
new Sections in the preparation of 
their By-Laws. 

Whether or not the membership of 
the Society as a whole is to grow as 
fast as it needs to grow depends very 
largely upon the activities of the 
Membership Committees in the dif- 
ferent Sections. The men who are 
serving on these Membership Com- 
mittees must necessarily look upon 
their work entirely as a selling prop- 
osition. They should, preferably, be 
representatives of either manufac- 
turers or dealers, because it is the 
salesmen who are in a position to 
put the activities of the Society be- 
fore the attention of the most de- 
sirable class of new members. In 
some cases, foremen of large welding 
shops have done excellent service to 
the Society by urging men to take out 
Class “D” memberships, but it is too 
much to expect these men to be able 
to leave their work and go out to 
other plants to secure new member- 
ships. The Chairman of the Section 
Membership Committee should, there- 


fore, secure the appointment on his 
Committee of men who are calling on 
firms which have welding departments. 

Wherever possible, superintendents 
and plant managers should be inter- 
ested. It should be urged upon such 
men that their support is wanted, not 
only in order that they may become 


more familiar with the possibilities 
of welding and with the details of 
operations which make for better 


welding, but, also, in order that their 
services in an executive capacity may 
be available for committee work. If 
memberships of this kind can be se- 
cured, the committee work would be 
far more attractive and effective, be- 
cause these men can be found in their 


_respective plants almost any day for 


consultation, whereas salesmen serv- 
ing on committees are very often hard 
to reach. 

The Chairman of the Section Mem- 
bership Committees should keep in 
close touch with the National Mem- 
bership Committee and secure all of 
the co-operation possible from that 
committee. The National Member- 
ship Committee is prepared to furnish 
to the Chairman of the Section Mem- 
bership Committee advertising , mat- 
ter and sales letters which will be 
very effective in following up pros- 
pects for memberships. The National 
Membership Committee by itself can- 
not accomplish anything in the way 
of securing new members, but it is 
prepared to give the sectional com- 
mittees strong support in the conduct 
of their membership campaigns. 

It is suggested that the organization 
of this membership work be carried 
out along the following lines: 

Each individual Section should or- 
ganize a good-sized Membership Com- 
mittee, composed of men who are 
willing to be on the lookout for new 
members and to solicit new members 
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at every opportunity. These men 
should furnish the Chairman of the 
Section Membership Committee with 
lists of the best prospects for mem- 
berships which they have called upon. 
The Chairman of the Section Member- 
ship Committee will mail to each one 
of these literature which has been 
prepared for soliciting memberships, 
urging them to come to the meetings 
and to join the Society. These names 
should then be forwarded to the Chair- 
man of the National Membership Com- 
mittee, so that an additional letter 
can be sent to follow up the effort of 
the Chairman of the Section Mem- 
bership Committee. 
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This plan will be effective if it is 
followed carefully and if the Chair- 
man of the Section Membership Com- 
mittee keeps in touch with all mem- 
bers of his Committee. 

Persona! soliciting of memberships 
can be carried on very effectively at 
each meeting if the Chairman of the 
Section Membership Committee has 
his committee well organized. A 
meeting of the committee should be 
called for about thirty minutes before 
the regular monthly meeting of the 
Section. The Chairman can _ then 
make sure that each member of his 
committee is provided with literature 
and with application blanks. 


At the Annual Meeting of the Society in 1922, the total membership of the 
Society numbered 595, divided into classes, as follows: 


50 

81 
277 

1 


At the Annual Meeting in 1922 seven sections were operating with a mem- 


bership as follows: 


A B C D E Total 
Philadelphia . 10 35 10 58 — 113 
hicago . 2 20 11 24 _ 57 
Pittsburgh ........... 4 21 1 30 — 56 
New York . 19 46 13 69 147 
Northern New “York... 2 12 12 53 — 79 
San Francisco 1 1l 6 3 — 21 
Not in Sections 10 25 17 27 1 80 
50 186 81 277 1 595 
On March 3ist, 1923, nine sections were operating, with a membership as 
follows: 
A B Cc D E Total 
Boston 3 14 17 17 2 53 
Chicago 4 28 13 46 — 91 
Cleveland 3 12 12 12 — 39 
Los Angeles -— 5 8 8 — 21 
New York . 17 44 15 76 — 152 
Northern New York ... 1 11 11 50 — 73 
9 25 10 29 73 
Pittsburgh eal 3 17 1 16 — 37 
San Francisco ......... 2 13 12 32 — 59 
8 24 22 31 1 86 
50 193 121 317 3 684 
The total membership of the Society in April, 1922 was 595 
Increase in 7 Waianae from ssltad 1922, to March, 1923: 
60 
Total increase . 251 
846 
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Resignations, from May, 1922, to March 31, 1923: 
Class A 
Class B 
Class C . 
Class D 


Total resignations . 


Total .membership, March 31, 1923 


46 

20 

90 
162 
684 


TREASURER’S REPORT FOR YEAR ENDING 


MARCH 3ilst, 1923 
RECEIPTS 

Dues .... 
Journal (advertising) 
Journal (subscriptions) . 
Bound volumes ...... 
Bulletins 
Society emblems 
Welding Encyc lopedias 
Meetings and Papers Comm. (1921-22) 
Annual Dinner (1922) 


Refund (Welded Rail Jt. and Pressure Vessel Cc ommittees) 
Interest 


Total Receipts .... 
Balance brought forward ‘April "4 “1922 


DISBURSEMENTS 


Editorial services 
Assessment for Room 1601 
Printing Journal 
Advertising agent 
Printing and stationery 
Reprints 
Printing programs, cards, 
Stamps ............ 

Equipment . 

Telephone and telegraph 
Bound volumes 
Welding Encyclopedias .. 
Annual meeting (1922). 
Annual dinner (1922) 
Fall meeting (1922 
Meetings and Comm. ‘(1921- 22).. 
Society emblems 

Section refund 

Miscellaneous (repairs, etc.). 


Total disbursements ............... 
Balance March 31, 1923 


$9,790.70 
5,344.78 
519.04 
94.76 
56.60 
14.25 
76.00 


. $16,793.92 


1,645.76 


$18,439.68 


$4,219.74 
1,800.00 
1,155.50 
3,860.18 
111.50 
,027.72 
44.50 
264.96 
432.87 
236.75 
321.64 
37.50 
32.00 
267.50 
484.00 
90.00 
231.38 
52.35 
2,065.00 
107.95 


$16,843.04 
1,596.64 
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510.00 
356.93 
10.86 
= 
$18,439.68 
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ASSETS AND LIABILITIES AS OF MARCH 31, 


ASSETS 


Balance on hand in 
as of March 31, 1922 

Outstanding advertising, 
February and March 

Outstanding membership 
dues, April 


cash 
$1,645.76 


581.50 


315.00 


"$2,542.26 
244.84 


$2,787.10 


Total assets 
DEFICIT 


ASSETS AND LIABILITIES AS OF MARCH, 31 


ASSETS 


Balance on hand in cash as 


of March 31, 1923 $1,596.64 
Outstanding advertising, 

February and March....... 815.00 
Outstanding dues, April... 350.00 
Society emblems 165.70 
Bound volumes Journal 46.50 

$2,973.84 


Dericir March 31, 1922 
SurpLtus March 31, 1923 


Total net gain year ending March 31, 1923 
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1922 
LIABILITIES 


Printing Journal, ete. $1,094.94 


Editorial services 300.00 
Equipment 129.75 
Printing and stationery 343.78 
Advertising commissions 48.50 


Miscellaneous 75.00 
Meetings and Papers Comm. 
(1921-22) 
Refund to Sects. 
already collected 
Refund to Sects. on out- 
outstanding April dues 


on dues 
450.00 


120.00 


Total liabilities $2,787.10 


, 1923 
LIABILITIES 


Refund to Sects. on dues 


already collected $855.00 
Refund to Sects. on dues 
to be collected, April 

dues 240.00 

Total liabilities 1,095.00 

SURPLUS 1,878.84 

$2,973.84 

$244.84 

1,878.84 

$2,123.68 


NOTE: After paying refund to Sections on dues already “collec ted, “amounting to $855.00 


as given above, 


we have today (April 25, 1923) a cash balance of $1,504.00 


ESTIMATED BUDGET YEAR 1923 


INCOME 
Advertising (signed con- 
tracts) i AS $7,956.00 
Journal subscriptions 600.00 
Membership dues .... 11,550.00* 
$20,106.00 


* This figure is based on dues received from present members. 


EXPENSES 
Editorial services 1,800.00 
Printing Journal 3,600.00 
Room rental = ba 1,152.00 
Stationery and printing. 1,000.00 
Telephone and 250.00 
Stamps .................. 400.00 
Meetings 350.00 
Equipment 200.00 
Miscellameous 50.00 
Section refund (N.Y. 
Sect. excluded) .................. 3,710.00 
Estimated expenditure, N. 
Y. Sect. ..... 450.00 
Promotion—pamphlets and 
ete. 500.00 
$18,254.00 


$1,000 of this is in 


delinquent dues, some of which will probably not be collected but will be replaced 


by new members. 
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EXPENSES FOR YEAR 1921 FOR WELDING ENGINEER 
AND BULLETINS 


Welding Engineer 
News circulars 


Meetings and Papers Comm. (set of papers) 


$900.00 
850.00 
1,170.00 


$2,929.00 


JOURNAL RECEIPTS AND EXPENDITURES FOR YEAR 1922 


RECEIPTS 
From advertising 
From journal subscriptions 


$4,524.50 
419.04 


$4,943.54 


EXPENDITURES 
For printing, including 
mailing, stamping, etc. 
For editorial services 
For advertising agent 


$3,686.32 
1,500.00 
107.00 


$5,293.32 


JOURNAL BUDGET 1923 


RECEIPTS 
From advertising (signed 


contracts 1923) $7,956.00 
General subscriptions 600.00 
$8,556.00 


EXPENDITURES 
Printing Journal (approxi- 
mately $300 per mo.) 
Editorial services 


$3,600.00 
1,800.00 


$5,400.00 


WM. J. STRUSS & CO. 
CERTIFIED PUBLIC ACCOUNTANTS 
130 William Street 


American Welding Society, 
29 West 39th Street, 
New York City. 


Dear Sirs: 


New York, April 19, 1923. 


We have examined the cash records for the period beginning April 1, 1922, 


and ending March 31, 1928. 


We find that these records are verified by the reports of the Bankers’ Trust 
Co. and that the cheques for disbursements are as indicated on the cash 


records. 


The total receipts were 
The disbursements were 


The balance on hand is 


$16,793.92 
16,843.04 
1,596.64 


We have made some suggestions to changes in the methods of keeping the 
books, which we think will more clearly record the transactions and enable us 
to render a complete report for the coming year. 


Very truly yours, 
Wo. J. Struss & Co. 


SECTION ACTIVITIES 


San Francisco 


A meeting of the San Francisco 
Section was held on April 2nd, at 
which time officers were elected for 
the coming year. The paper of the 
evening was presented by Mr. F. L. 
White of the U. S. Steel Products 
Company, who delivered an address 
on the “Making and Shaping of 
Steel,” illustrated by  stereopticon 


slides. The paper was followed by 

an interesting discussion. The offi- 

cers for the term 1923-4 are: 
Chairman J. C. BENNETT 
Vice-Chairman D. J. WIL. 
Treasurer K. L. BRACKETT 
Secretary W. B. SAWYER 


Executive Committee Members 


3-year term G. O. WILSON 
2-year term W. P. Brown 
l-year term E. L. Curtis 
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Philadelphia 


A meeting of the Philadelphia Sec- 
tion was held on May 21st, at which 
time Mr. J. H. Deppeler, Chief En- 
gineer of the Thermit Department of 
the Metal and Thermit Corporation, 
gave a very interesting demonstration 
of thermit welding pipe, and followed 
this by a number of lantern slides 
showing details of some of the work 
their company has done. The pro- 
gram was concluded by the showing of 
a moving picture of the method of 
making a thermit weld on the stern 
pes of one of the U. S. Navy boats. 

here will be no further meeting of 
the Philadelphia Section until Sep- 
tember 17th. 


Northern New York 


The annual smoker of the Northern 
New York Section of the American 
Welding Society was held in Edison 
Club, Schenectady, on May 16th. Mr. 
J. H. Deppeler of the Metal and Ther- 
mit Corporation gave a very interest- 
ing and instructive talk on thermit 
welding. The chemistry and manipu- 
lation of the process were explained in 
detail and illustrated by some fifty 
lantern slides. An actual demonstra- 
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tion of a pipe weld by the thermit 
process was made and the speaker 
brought out that greater ductility and 
strength is obtained by this kind of 
welding. Mr. Deppeler exhibited a 
moving picture showing every detail 
in repair of the transport “Northern 
Pacific,” which broke its rudder post 
when aground at Fire Island. The 
fracture was cut out with an oxy- 
acetylene torch, leaving a gap of about 
3”, and after being filled with wax to 
the exact size and shape of the de- 
sired finished weld was surrounded 
with a sand mold. A gas blow-torch 
preheated the break and then the ther- 
mit reaction was started, requiring a 
very short time. The next day the 
mold was removed from the completed 
weld. In this repair 1800 lbs. of ther- 
mit were used giving about 900 lbs. 
of pure steel by the reaction. Re- 
freshments were served and then the 
program concluded with the showing 
of the latest G. E. film, “Wizardry of 
Wireless.” 


The Northern New York Section of 
the American Welding Society will 
reopen its 1923-4 season next Septem- 
ber with a broad and extensive pro- 
gram of lectures and demonstrations. 


WELDED PRESSURE VESSELS 


For several years efforts have been made to draw up a 
Code for the Welding of Unfired Pressure Vessels. Opinions 
of the best welding experts were not in agreement on many 
essential points. Fundamental scientific knowledge based on 
test data was not available. The American Bureau of Welding 
has completed a series of tests on some 47 tanks. The pro- 
gram involved an expenditure of over $15,000. The test 
data, analysis of same, conclusions and recommendations to 
the Boiler Code Committee of the A. S. M. E. have been 
compiled in a report, copies of which are available for dis- 
tribution at $1.50 to members and $5.00 to non-members. 


AMERICAN WELDING SOCIETY 
33 West 39th Street 


New York, N. Y. 
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NEWS BULLETIN, AMERICAN WELDING SOCIETY 


This section is devoted to news items of interest to our members 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the Bulletin. 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will remain 
in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society's 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the Number Indi- 
cated in Each Case and Mailed to Society Headquarters. 


A-18.—Experienced Oxy-Acetylene Welder, Class C Member of the American 
Welding Society, desires position. Nine years’ all around experience in 
welding and machine shop. 


WANTED 


B-1.--Used Weding Machines Wanted. Welding transformers and belt-driven 
LD. C. Generators. Give price, make and capacity, and for transformers 
primary voltage and frequency. 


WELDING INFORMATION 


The Society has a small number of reprints of a paper from the “Iron Age,” 
May 25, 1922, on “Are Welding of Structural Steel,” by E. S. Humphreys of 
Union College. If you want a copy, kindly send a self-addressed enveloped to 
the Society. 


LETTERS FROM OUR READERS 


Extract from a letter from Professor V. Karapetoff, Cornell University, 
May 17, 1923: 


“I copy at least one item out of the Journal of the American Welding So- 
ciety each month for the Research Section in the ‘Electrical World.’ Allow 
me to congratulate you on the quality of your papers and the general pro- 
gressive spirit felt in the Journal.” 


Extract from letter from Mr. Roger de Perrot, Chantiers de la Loire, 
Nantes, France: 


“Although it is mighty hard to pay $20 dues (with the present rate of 
exchange it means about $60), I doso gladly, as I find your communica- 
tions are worth it. For instance, during the past year I have started welding 
locomotive cylinders solely upon the instructions contained in several reports 
covering the subject and have been successful. One number containing this 
information has been worth more than the $60.” 
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WELDING OF STORAGE TANKS 


There are given below the recommendations and specifications for the 
welding of a 5,000-barrel tank by the gas welding process. A similar report 
for the electric welding of storage tanks was published in the December, 1922, 
issue of the Journal of the American Welding Society. These reports were 
prepared by the American Bureau of Welding (Research Department of the 
American Welding Society) at the request of representatives of the oil in- 
dustry. Great difficulty has been experienced in the present type of riveted 
construetion from leakage, especially of the lighter oils. The data available 
shows a loss by leakage and evaporation of about 5% per year in the present 
riveted tanks. If this loss could be saved by a welded tank the savings so 
effected would in two years pay the entire cost of constructing a welded tank. 


C. A. ADAMS, 


Director, American Bureau of Welding. 


PROPOSED METHOD FOR OXY-ACETYLENE WELDING 
OF OIL STORAGE TANK 


General Principles 


In oxy-acetylene welding it has been established that sheet metal 
and plates are best joined by a butt-weld, which is therefore as- 
sumed as the basis for building up the proposed tank. 


In joining sheets or plates by oxy-acetylene welding, a smooth 
finish is obtained by having the sheets or plates separated an ade- 
quate amount at the end of the seam toward which the welding is 
progressing. This method of lining up the work is followed in 
the specification. 


All plates should be squared, cut to size and beveled before 
welding. 


MEMBERS, COMMITTEE ON WELDING OF STORAGE TANKS 


J. ©. LineolIn, Chairman E. L. Hirt 

H. S. Smith* A. S. Kinsey 

James Burke P. J. MeGrath 
A. M. Candy S. W. Miller 

S. Diggle Cc. J. Nyquist 
F. L. Fairbanks J. W. Owens 

F.C. Fyke R. E. Wagner 
M. F. Hill 


* Chairman, Sub-committee Gas Welding of Storage Tanks 
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Bottom Construction 


The first step in the construction of the tank will be to lay out 
the bottom curb, welding section to section until the curb has been 
completed. Then lay out the bottom plates, tack same to the curb 


‘ 


Fig. 1—Two 40-000 Gallon Oil Storage Tanks Recently Erected and Completely a 
Welded with the Oxy-Acetylene Process 


Fig. 2—Oxy-Acetylene Webling of Side Plates in Position 
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and to each other, beginning from the circumference and working 
toward the center of the tank. The layout of the bottom sheets 
is shown in Drawing A-8290 (Fig. 5). 

The next step will be to weld the side sheets of the iirst course 


Figs. ¥ and 4—Oxy-Acetyiene Welding of Angle [ron Curb to Bottom 


Fig. 3. 
— 
Fig { 
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to the upper edge of the curb and end-to-end to each other as is 
shown in Sketches “X” and “Y”. In order to control the expansion 
of the metal it has been found much the best practice to hold one 
corner of the plate open in accordance with the usual practice of 
handling sheet metal. This gives better results than when the 
sheet is tacked to the curb and then filled in. 

In welding a plate to the end of one which is almost welded into 
position, it is found best to leave an opening at the upper corners, 
starting the welding from the lower corners, because then the 
contraction of the weld is tending to pull the unattached plate into 
proper alignment, whereas if the welding is started at the top, 
leaving the bottom end open, the weight of the plate tends to force 
the contraction too much. 

The next step is to weld the bottom sheets to the curb, then to 
each other, changing the welding position after filling in between 
any two sets of tacking welds. If there is any distortion of the 
tank it can be controlled by extending beams across the top of the 
first course, so wedging these beams as to establish a true circle. 
If the plates have been correctly prepared the circumference of the 
curb and the top of the first course must be correct and it is only 
a matter of bracing to start the sides of the tank correctly and to 
tack the bottom in place without effect on the sides of the tank. 

The bottom should now be tested for tightness. On the first 
tank it is proposed that at least two inches of kerosene should be 
used for this purpose. 


Side Construction 

The second course is to be welded to the first course in the same 
manner as the first course of plates was welded to the curb. When 
the plates have been welded together so as to establish a complete 
ring, except for the last seam, the necessary spread of seam can 
be provided by putting block and tackle on the upper corners of 
the two meeting plates and spreading same by bending outward. 
As welding progresses the tackle must be eased off, but no difficulty 
has been experienced in thus handling the last vertical weld in 
actual practice. 
_ The remaining courses will be added in the same procedure 

until the side of the tank is complete. 

Roof Supports 

In this tank we have figured on a roof supported by beams from 
a central frame made up of angle iron sections bolted together and 
having the outer ends of the beams attached to clips welded to the 
side of the tank. 

The central support should be quite valuable during the con- 
struction of the tank as a support for beams to hold the side sheets. 
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The roof support must be strong enough to carry twelve inches 
of snow. 


Roof 

The top plates should be tacked together and tacked to the upper 
edge of the side sheets. The weld at the corner of the side sheets 
should then be made. The procedure for welding the remainder 
of the roof will be the same as for filling in between the tacks and 
the bottom. 

Testing 

The tank sides should be tested by filling the tank with water 
and all welds will be hammered with wooden mallets. As water is 
quite a bit heavier than oil this will give a good factor of safety 
test. 

The top should be tested by chalking the undersurfaces and 
painting kerosene on the lower surfaces, or the tank can be put 
under air pressure and the top seams tested with soapy water. 

Fittings 

All fittings should be welded in place. The sump may be welded 
in when the bottom is being welded and would entail no difficulties. 
The side manhole may be welded in place after the sheet is welded 
to the curb. The top manhole may be similarly handled, as may 
the gauge hatch and gas vent. 

The ladders should be made by welding small pipe rungs into 
pipe of larger diameter ; then the inner and outer ladders suspended 
as shown. This suspension is made by cutting holes through the 
side sheets, putting pipe through the holes, then welding the pipe 


to the side sheets. The ladders shall be welded to the suspension 
pieces. 
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RECENT DEVELOPMENTS IN RESISTANCE 


WELDING FIELD* 
By H. LEMP?+ 


Progress in the electric resistance welding field during the past 
year has been rather more in the quantity of application of the 
process with known apparatus than in any radical departure from 
existing methods. 

While it would be inaccurate to say that no further progress 
can and will be made in this field of welding, at the same time the 
test of its efficiency is in saying that it is satisfactory in its 
methods, and that progress lays more in the direction of manu- 
facturers changing their method of producing articles with a view 
of utilizing the already developed apparatus and process. 

BUTT AND FLASH WELDING 

The chief advance noted in this direction seems to be the replace- 
ment of steel castings or complicated machined parts, by either 
drop forgings or steel stampings in halves, and welding these 
halves together by the resistance method. By this procedure great 
uniformity of product and light weight may be obtained, and while 
retaining or improving quality, articles so manufactured can be 
produced cheaper. 

As an illustration, cylinder heads for a well-known aviation 
motor are now made of two drop forged halves, parted through 
the valve seats and the two halves welded together (Fig. 7). 

The Metropolitan Engineering Company of Brooklyn are, among 
other products, manufacturing welded rear axle housings for auto- 
mobiles, which housings have welds 24” long, two of them (total 
48”) made with sheet steel 1” thick approximately. The writer 
saw one of these housings used on the four-cylinder Nash car, of 
which he was informed about 20,000 per annum are used. This 
weld, I am told, is made by the expenditure of a large amount of 
energy (in hundreds of kilowatts) for a short period and repre- 
sents probably the largest area welded by the resistance process. 
It is stated that at least ten prominent automibile companies, in- 
cluding the General Motors Company, use this style of housing. 

Resistance welding, as distinguished from other welding pro- 
cesses, is particularly for mass production of standard articles to 
be brought to the welding machine to be welded, mostly by semi 
or totally automatic means, excluding as much as possible the in- 
dividual skill of the operator. 


*Report presented at the annual meeting of the American Welding Society, 
April, 1923. 
+ Chairman, Resistance Welding Committee, American Bureau of Welding. 
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The range in size and composition of articles to be thus welded 
is very great. Wires as small as electric light bulb filaments can 
be welded, as a minimum. Iron or steel articles from 16 to 20 
sq. inches cross section are successfully welded, as a maximum, and 
the size and quantity of product desired will determine whether it 
will be more economical to weld in a step by step fashion by a 
small amount of energy expended over a long time, as in seam 
welding and spot welding, or to apply large amounts of energy 
over a great area for a short time only. 

The work done by the Metropolitan Engineering Co. is an 
example of the latter, and almost any commercially required cross 
section is possible to be welded in this manner, if power com- 
panies were able and willing to supply unlimited power for welding 
purposes. 

Mr. W. L. Warner of Schenectady reports on butt welding of 
copper blocks onto the ends of armature bars of induction motors. 

Mr. Jos. A. Osborne reports welding by the American Car and 
Foundry Co. of a pipe of a heavy section to a pipe of a lighter sec- 
tion by electrically preheating the larger sectibn. While this ap- 
plication is not new, it shows a better understanding by the 
industry of ‘the possibilities of resistance welding. 

Welding of high speed tool steel tips to low carbon steel or tool 
steel shanks, is done with a considerable saving at the Erie Works. 
(See report of Mr. W. J. Seibert.) 

There seems to be a pronounced tendency of increasing the 
secondary voltage of welding transformers so as to facilitate flash 
welding; automatic apparatus for producing such welds are now 
under consideration. 

SPOT WELDING 

Regarding spot welding I wish to state that Mr. Walcott Rem- 
ington presented a summary report which brings the art up to 
date, and in which particular stress is laid-upon the greater use of 
semi and entirely automatic spot welders. This report was re- 
ferred back to its author to embody additional minor suggestions 
from members of the Resistance Welding Committee and will be 
published later. 

Spot welders developed by the American Electric Fusion Cor- 
poration of Chicago show the same tendency of making spot welding 
as nearly automatic as possible. The principle employed by the lat- 
ter is to have pressure by one foot complete the whole process, mak- 
ing the closing of the circuit by the application of a fixed (but 
adjustable) welding pressure, and the opening of the circuit at the 
conclusion of the weld automatic. 

Mr. R. E. Wagner of the Pittsfield General Electric Works re- 
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ports on a commercial spot welder for 44” plates, giving full data 
on the current consumption and time required (see photograph). 

Mr. W. L. Warner of the Schenectady Works reports on welding 
of spacers to thin iron laminations for induction motors by what 
he terms “the iron worker’s needle and thread’’—a semi-automatic 
machine resembling a sewing machine. The same type of ma- 
chine is used in all the other works of the G. E. Co. for a similar 
purpose. He also refers to the fabrication of control boxes, and 
the manufacture of end shields for induction motors. 

SEAM WELDING 

Your attention is drawn to a report by Mr. Malcolm Thomson 
on seam welding of brass wherein he shows satisfactory work 
being performed by periodic interruption of current, in place of 
continuous application thereof. 

PERCUSSIVE WELDING 

Mr. D. F. Miner also presents an interesting progress report 
regarding percussive welding. This process is another illustration 
of economy in utilizing electric energy of large volume for a short 
period by storing up at a constant rate and discharging it suddenly. 
I have a mental picture of a clutch-operated punch press with heavy 
flywheel as representing mechanically the principle involved in the 
electric percussive process. 

Since the storing of energy is done in the apparatus itself on a 
quasi-continuous basis, this process ought to be welcomed as a 
satisfactory load by power supply companies. 

Mr. Miner describes small automatic bench welders for wire up 
to 14g”—the commercial production of gas engine valves having a 
cast iron seat welded to a steel stem. He also refers to an impulse 
transformer capable of storing 20,000 joules necessary for 34 stock, 
and concludes with the comforting statement that there are really 
no apparent limitations to the size of the impulse transformer 
except those of first cost. ; 

Your chairman is much gratified in reporting the tentative ac- 
ceptance of the report of our sub-committee on Standardization 
(Mr. W. S. Moody, Chairman), by the special committee appointed 
by the A. I. E. E. (Working Committee No. 10) the chairman of 
which is Mr. F. M. Farmer, which will place competing apparatus 
on a sound and comparative basis, and which report takes cog- 
nizance of all three interests, the manufacturer, the user and the 
central station manager. 

Progress in resistance welding will also find its acknowledgment 
in the work of some of the other committees, such as the welding of 
pressure vessels and the making of rail joints. 

It is hoped that with the revival of industry the coming year 
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will see some important fields of research properly taken up and 
distributed to such workers who are best fitted therefor. 

One of the most important fields of research for resistance weld- 
ing will be the welding of non-ferrous metal and alloy steels, 
manufacturers in the industry being more insistent of asking 
guarantees from makers of welding apparatus. 

REPLACING STEEL CASTINGS—W. Remington*® 

During the last year, there has been increased tendency on the 
part of manufacturers to get away from the steel casting and turn 
to forgings. In a number of cases, parts which had previously 
been made as a steel casting, the manufacturer has been able to 
forge by making the part in halves, and then later has welded these 
parts together on a butt welder. Work of this kind has been ap- 
plied to automobile wheel hubs, to the heads of certain types of 
aeroplane motors, to a chain pipe wrench, and a number of other 
articles. I might say that there is also a strong movement now 
towards substituting stampings which can be welded together for 
‘astings, and even in some cases, for forgings. 

* Chief Engineer, Thomson Electric Welding Company. 
WELDING HIGH SPEED TOOL STEEL TO ORDINARY SHANKS— 
W. J. Seibert* 

During the past few years there has been a great deal of discus- 
sion as to the production and conservation of small tool equipment, 
yet few concerns realize the saving which can be exacted by the 
use of resistance welding, especially in the production of tools for 
lathes, planers and shapers. 

We are at present using about 200 pounds of steel tools per week ; 
under normal conditions we will probably be making up twice this 
quantity. Formerly the entire tool was made of high speed steel, 
but at present, with the use of butt welders, nearly all of the tools 
are made by welding a section of high speed steel to a carbon 
shank which reduces the cost considerably. 

We have three Thomson welders at present, used in welding 
several hundred types and shapes of tools; some of these are shown 
in Fig. 1. The white portion of the tool shown on this photo, is 
the high speed portion, the rest is carbon tool steel. 

The tool steel section to be welded is generally ground straight 
on the end, and the high speed section which is to be welded on 
this shank is cut to the proper angle to give the necessary rake to 
the tool. We have several types of jaws which were made up for 
welding the various shapes, each operator having personal ideas 
as to the method of operation, and as a rule he devises his own 
type of jaw, some of which are shown in Fig. 2. 


*Erie Works, General Electric Co. 
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In welding the tools it is necessary to hive both the high speed 
section and the shank fairly free from scale, inasmuch as it is es- 
sential to have good contact between the copper jaws and the work. 
A selection of proper heat is generally a matter of experience with 
each particular type o: steel. After selecting the proper heat, the 
two sections are brought togcthcr under firm pressure and allowea 
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Fig. 1—Variety of Small Tools Made by Welding High-Speed Steel Tips te Ordinary 
Shanks. 
to heat to a point of incandescence. If the shank and high speed 
section do not come up to a uniform temperature, the current is shut 
off fcr a few sections, allowing ‘he both portions to reach the same 
degree by transfer of heat from the hotter piece, the current is 
again applied, and when sufficiently heated, work is forced together 
under very strong pressure. This is a modification of the flash 
weld method in which the pieces to be welded are brought together 
very lightly, establishing an arc which heats the ends to the welding 
point in a very short time. Pressure is then applied, forcing the 
pieces together, forming a good weld as the metal in contact is in 
a molten state. Due to the fact that the metal is in practically : 
molten state, part of both the shank and high speed section is forced 
out and forms a fin as shown in Photo 2, Fig. 3; this allows the 
molecular structure of the two sections to come in intimate contact 


21 

} 

: 

| 

a: 
| 
ay 

| » 

| 
“ae 

= 

Bev: 

Ln 


t 
to 


JOURNAL OF THE A. W. S. [June 


and any oxide or scale which might have been entrapped between 
the two sections is forced out, leaving perfe tly clean metal in con- 
tact. We have found that this method is preferable to the older 
method of heating the sections to a white heat, then sque-zing them 
together under high pressure, as this method frequently develoned 
flaws in the welding. 

For the average size tool, that is, a shank about %4."x° 4%” sec- 
tion, we allow a 54” projection between the jaws for the high speed 
section, and about 75% of this distance for the carbon; this, of 
course, is varied for larger tools, allowing greater projection. It 


Fig. 2-Jaws Used in Welding High-Speed Tool Tips to Ordinary Shanks 


requires approximately 214 minutes to clamp the two sections in 
the machine weld and then place in the annealing furnace. 

The heat treatment to which these tools are subjected is of vital 
importance, it being necessary to place them in a muffle type fur- 
nace immediately on removing from the machine, and before they 
cool to any appreciable extent. This furnace is run at a tempera- 
ture of 825° C. for about two hours after the last tool has been 
placed in the furnace, and then heat is shut off and they are al- 
lowed to cool over night; in a well insulated furnace, the tools 
will be at a temperature of about 200° C. in the morning, and can 
be removed at that temperature. The tools are then snagged or 
rough ground, then heated to 875° C. and quenched in No. 2 
Houghton Oil, then ground and hardened by the usual high speed 
method. The method we are using is to heat the tool to 1300° C. 
then quenching in molten lead at 600° C. 
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Fig. 3 shows a lathe tool with considerable rake. It will be 
noticed that the high speed section has been cut away on one end 
to produce the same. Photo No. 2 shows the welded tool. 
No. 3 the finished tool. 


Photo 


The resistance welder can be adap! fo. 


use in welding drills, 
taps, small armature shafts (Fig. 1) and in fact any section which 
can be handled in the jaws. We are saving considerable money by 


Fig. 3—Lathe Tool 


welding extra length shanks on drills and taps. Recently we have 
welded quite a number of small armature shafts, and have had very 
good success in this line, inasmuch as we have not had an armature 
returned with the shaft broken at the weld. As this welding can 
be done without removal of the coils or damaging the winding in 
any way, it saves practically the entire cost of an armature which 
has the laminations assembled on the shaft. 

We have, for the past four years, been welding band saws for 
use in the pattern shop on wood working machines, and also the 
band saws adapted for sawing metals. It can readily be realized 
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that considerable money can be saved by welding the saws instead 
of brazing them, as in brazing it is necessary to scarf the saw for 
considerable distance. It requires from two to five minutes to apply 
sufficient heat to braze the saw, and this also allows a section of 
approximately 1” which is not hardened, and due to the thickness 
of the brazing material, the steel section of the saw is considerably 
reduced. In electric welding the saw is ground off square at the 
ends, then placed in the jaws of the welder with approximately 
3/32” projection from each jaw, then are brought up to tempera- 
ture and forced together under sufficient pressure to squeeze con- 
siderable metal from the weld, as in the case of the tools. Before the 
saw is removed from the welder the jaws are moved back about 
14”, then light heat applied two or three times for about two sec- 


Fig. 4—Welded Drill, Tap and Armature Shaft. 


onds each time, thus annealing the weld and removing any strains 
which might cause fracture. The saw is then ground to a uniform 
thickness on an ordinary shop grinder, and as this leaves a ful! 
steel section of the saw, the life of the weld is considerably longer 
than the average brazed joint; in fact it is unusual to have the saws 
returned broken at the weld. 

The cost of current used in welding is really the smallest item, 
as a %%x114.” tool can be welded with a current consumption of 
approximately 0.3 K. W. H., the cost of which, when compared 
with the cost of the steel, is really insignificant. 

Odd shaped tools can be produced very readily, it being necessary 
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only to make jaws adapted to this shape, which can be done at 
small expense, and when compared to the cost of forging a tool to 
a desired shape, leaves a balance greatly in favor of the welding 
method. 

Any factory using more than 50 pounds of tools per week, can 
use a welder to good advantage, to say nothing of the production 
to which it might be adaptable. 

A careful check has been kept on the cost of welding these tools, 
and this past year we have had a net saving of 70c per lb., after 
figuring in the extra cost of snagging, heat treating, etc., which 
when figured on a 50 pound per week basis means a saving of 
$1820 per year. From these figures it can be readily seen that the 
resistance welder is not only a great convenience, but also a real 
money making proposition. 

SPOT WELDING—R. E. Wagner 
Fig. 5 shows the heavy spot welder now in use on commercial 


work in our machine shop. The weiding of two pieces of !” steel 
together, is considered as capacity of the machine. 

When this weld is made, 40,000 amperes are required and it is 
applied for 7 seconds. There is a pressure on the electrodes of 
20,000 pounds. The points of contact on these electrodes are *4” in 
diameter. The electrodes are fitted with tapered caps that are easily 
removed. These caps are replaced after every five spots are made. 
We grind the surface of the steel plate where it comes in contact 
with the electrode, but where the plate comes in contact with an- 
other plate we.do not remove the scale, as we have found in spot 
welding, as a rule, that a stronger joint is made when this scale is 
not removed. It raises the resistance at the point of welding con- 
tact and increases the heat generated at the point of electrode con- 
tact, thereby giving greater assurance that the metal is at welding 
heat. 

Right beside the operator is a sample of work that has been done 
on the spot welder; a similar piece is shown set up in the spot 
welder being welded. 


~ Asst. Mfg. Supt., Pittsfield Works of General Electric Co. 


RESISTANCE WELDING IN THE SCHENECTADY WORKS OF THE 
GENERAL ELECTRIC COMPANY—W. L. Warner 

Spot Welding—Spot welding is most widely used of any class 
of resistance welding in the Schenectady Works. The process is 
used for putting spacers on laminations for induction motors, fab- 
rication of control boxes, manufacture of end shields for induction 
motors and various other apparatus. 

In the manufacture of control boxes an old type of machine is 
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used.- This machine, which operates with a foot lever, has ap- 
proximately a 27” or 30” reach and is used on thin metal probably 


not over 3/32” in thickness. The pressure applied is sufficient to 
hold the metal parts tightly together. 


Fig. 5—Heavy Spot Welder 


The designation of “The iron worker’s needle and thread” may 
be truly applied to a type of machine which is used for welding the 
spacers on motor laminations. This machine operates similar to 
a sewing machine. One electrode is stationary, while the other 
slides on a carriage which is moved up and down by a revolving 
cam. A coil spring between the electrode and the carriage insures 
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a uniform pressure on the work piece, and the speed of the cam is 
such that the electrode is in contact with the work just long enough 
to secure good fusion of the pieces, probably one or two seconds 
About 2,000 amperes are used here. 


Fig. 6 -Seam Welding Machine 


A larger type of spot welder is used for making the end shields 
| for large synchronous machines. These shields are made of steel 
bands about 1” x 3/16” in cross section, bent to shape and spot 
welded at the joints. These shields are built in sections (about 12 
or 15 to a motor) and bolted into place. About 6000 amperes are 
used with 2 volts. 

Butt Welding —Butt welding is used for putting copper con- 
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nector blocks onto the ends of the armature bars of induction mo- 
tors. The armature is placed in a saddle on the machine and, as 
the successive blocks are welded on, is turned-so that the proper 
bar is placed correctly in front of the moveable electrode. The 
copper block is put in place and the current is turned on. Not over 
two or three seconds are required to make the welds. Current is 
turned on and off by means of a relay in the primary circuit of the 
transformer. About 20,000 amperes are used across the weld. 
The electrodes are water-cooled. The ampere values given herein 
are only approximate. 
WELDING PIPE—J. A. Osborne* 

The requirements are that standard pipe must be welded to ex- 
tra heavy and extra heavy pipe must be welded to double extra 
heavy. Also it is necessary to weld double X pipe. In welding two 
samples of pipe, one extra heavy and the other double X, difficulty 
was experienced in producing a satisfactory weld, due to the fact 
that the lighter pipe would heat up and melt before the heavier at- 
tained the proper heat. We resorted to the expedient of clamping 
the end of the heavier pipe between the jaws and applying the 
current long enough to bring the pipe to a bright red heat. The 
two ends were then moved and clamped between the welder jaws 
in the usual manner, and a perfect weld was formed without dam- 
age to the lighter pipe. 


* Chief Electrical Engineer, American Car and Founary Company. 

APPLICATIONS OF WELDING PERFORMED BY THOMSON WELDING 
COMPANY AND LYNN WORKS OF GENERAL ELECTRIC COMPANY— 
Malcolm Thomson and W. Remington 


Fig. 6 shows a seam ‘welding machine made up from a spot weld- 
ing machine and -an ‘ld milling machine from out of scrap. The 
welding wheel is‘éxternally water cooled. The sliding lower horn of 
copper and spring for pressure is shown at extreme left of photo- 
graph. 

Figs. 7 and 8 show samples of welding undertaken by Thomson 
Welding Company. In Fig. 7, at left cylinder head for large gaso- 
line engine made up of two drop forgings flash welded together, 
weight 22 pounds each. Next to it are two brass pieces showing 
upset for collar and finished article of similar nature. Back middle 
is T weld on two round pieces of steel. Below it a section of large 
steel or iron pipe, butt welded by flash method. In front of this 
pipe is an upset steel piece, next comes section of wheelbarrow 
wheel, showing automatic butt welds. In front of this is a piece 
made up of machined piece and deep drawn piece. The other two 
articles are hub of automobile and square tubing T welded such as 
used in beds. 
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Fig. 8 at left is a section of tube weld, then duraluminum flat 
stock weld, then flash weld on steel bent double, then steel boiler 
tubing flash weld. Center article is angle weld of irregular section 
tubing (automobile windshield frame). Next article is section of 
copper or brass tubing welded. Then are three copper welds, a 
ring of about 6” to 8” diameter, a copper wire, and a very small 
copper wire tied in knot at weld. At extreme right is piece made 
up of two brass cups welded together. 

Key to Figs. 7 and 8 
1. Steel motor head made from two forgings and welded to- 
gether. 
2. T weld from two round pieves of machine steel. 
3. Automobile wheel hub made from two forgings welded 
together. 

4. Brass threaded piece made from No. 5. 

5. Round stock pushed up to form a larger diameter at the 
center. 
6. Section of locomotive superheater flue showing weld of safe 
end to the flue itself. 

7. Machine steel heated and pushed up to show expanded 
diameter. 

8. Machine steel studs welded to a machine steel bar. 

9. Cupped drawing welded to machine steel head. 

10. Two pieces of tubing welded in T shape. 

11. 12” rule to show comparative sizes of pieces. 

12. Section of pipe weld. 

13. Cold rolled steel welded and bent double. 

14. Tubes welded together at right angles. 

15. Brass pipe weld. 

16. Copper ring welded. 

17. Brass cups welded together at centers. 

18. Duraluminum weld. 

19. Pipe weld. 

20 and 21. Copper wire weld. 


Fig. 9 shows articles welded at Lynn works of General Electric 

Company. 
Key to Fig. 9 

Large reflector seam welded afterwards formed to parabola. 
Small reflector seam welded afterwards formed to parabola. 
Container seam welded seam and bottom, afterwards ribbed. 
Brass shell. Expended after seam welding. 
Steel studs. Heads upset in welder. 
Steel rivet. Head formed in butt welder. 
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7. Spring steel tubing. Seam welded. 

8. Brass butt welded. 

9. Terminal stud of brass, collar attached up, upsetting in 
welder. 

10. Hollow terminal studs of brass. Heads welded on. 

11. Flash weld on steel bent double. 

12. Electrode. Shell of steel steam welded at high speed in 

automatic machine. 

13. Section of special vacuum apparatus. Seam welded. 

14. Steel bottles. Seam welded. 

ELECTROPERCUSSIVE WELDING—D. F. Minert+ 
Small Wire Welder 

For some time there has been demand for a small welding ma- 
chine for material classed as wire, utilizing the advantages of the 
percussive process. There proved to be several profitable applica- 
tions as outlined ihn previovs reports, but the development of a 
special machine for each was not justified. The result was an 
effort to design a universal machine capable of handling a large 
rariety of work. 

Such a cesign has been worked out and put into production, 
having been tried out by the manufacturer in his own processes. 
This small welder is intended for bench mounting and is provided 
with simple mechanical parts. The wires or rods to be welded are 
inserted in adjustable jaws and quickly clamped in contact. A 
small handwheel with crank is given a turn and the weld is auto- 
matically made. Turning the crank operates a cam disc which 
separates the wires, makes the necessary electrical connections, 
and releases the spring for the forging operation. The welder is 
compact, occupying only about 14 sq ft. bench area and standing 
about 1 ft. high. As a source of welding energy, any one of the 
schemes already used may be applied—a condenser discharge, 
storage battery, or impulse transformer. The power supply, load 
conditions, first cost limitations and class of work will determine 
which type is most satisfactory. 

This design of welder has been in use for some time in making 
vacuum tube parts and has been very successful in producing a 
uniform high grade weld and in greatly speeding up the produc- 
tion. It will handle a large variety of metals in a range of sizes 
up to 14” diameter. For certain metals, 3/16” diameter pieces may 
be welded. The next size welder, now under development, will cover 
the range from 1%” to \4.” diameter stock. 

Welding of Cast Iron 

In the early stages of development of the electro-percussive pro- 

cess almost any metals could be welded, even tungsten, magnesium, 
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aluminum, and many alloys, but difficulty was experienced in ob- 
taining a satisfactory union between steel and cast iron. It was 
felt that this problem could be solved and during the past year 
this has taken place. Welds exhibiting full strength of the cast 
iron are now uniformly made and developments are under way 
which apply this method of manufacture of cast iron headed valves 
for internal combustion engines. 

It has long been recognized that a cast iron valve head is de- 
sirable because of the resistance to wear, and the various effect of 
heat. A valve stem of some other ferrous material is, however, 
necessary. Several types of cast iron headed valves have been 
manufactured, but difficulty has been experienced with all. For 
example, the casting-on process, which involves casting the steel 
stem into iron, destroys the steel structure. If this is restored by 
heat treatment, the characteristics of the cast iron are liable to be 
impaired. Mechanical joints tend to loosen and become eroded by 
heat action. 

With the percussively welded valve, now made possible, these 
troubles are avoided. There is a further advantage, in that finish- 
ing operations are reduced. The head is cast with a raised button 
to which the stem is welded. The fused metal blown out during the 
operation clears the piece, so that no appreciable fin is produced. 
This greatly simplifies the fMishing operations. It has been found 
possible to control the penetration during welding to a variation 
of only a few thousands of an inch. Thus the total length of the 
finished pieces is remarkably uniform. As an illustration of this, 
20 bronze turbine blades with 1%” holes through the center were 
welded in a row to a steel bar. After welding, a rod the size of the 
holes was easily passed through all the blades. 

Engine valves, welded percussively, have been tested in gas en- 
gines and endured several hundred hours of continuous operation 
at red heat without trouble. Some special alloys for valve stems, 
such as silchrome, which is very difficult to weld by other methods, 
have been successfully welded electro-percussively. 

Larger Machines 

Some experimental work has been directed toward extension of 
the process to larger cross-sections. With this in view, a large 
impulse transformer has been built, capable of storing 20,000 
joules. Sections up to 34," diameter have been successfully welded 
and no apparent limitations are anticipated from a process point 
of view. Cost of equipment may determine the upper economic 
limit, but this cannot be determined at present. 

During the coming year, progress on larger welds is expected as 
well as extended commercial application of machines already de- 
veloped. 
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QUENCHED ARC WELDS 


By O. H. ESCHHOLZ* 


In the process of arc welding an initially cold surface is raised 
to the melting temperature within the fraction of a second, a small 
quantity of molten metal is deposited thereon and the fused mass 
permitted to cool very rapidly. The rate of cooling varies greatly. 
It depends on such factors as, amount of energy stored by the 
welding operation, initial temperature of the base metal, its ther- 
mal capacity and heat conductivity. In many instances the rate 
of cooling approximates the condition of a drastic quench. 

The character of the changes in the properties of the weld re- 
sulting from such a quench become more pronounced with increase 
in carbon content of the base metal and with the addition of alloy- 
ing elements. Valuable contributions on the transformations oc- 
curring have been reported by T. D. Sedwick*, J. J. Mertent and 
others, and the effect of preheating, annealing and normalizing is 
now better understood. 

To obtain a graphical conception of the structural changes at- 
tending the quenching of a small amount of metal fused to a base 
metal of large thermal capacity, a single tier of layers was de- 
posited on a 314” diameter axle steel shaft and the variation in 
hardness explored through the fused zone. 

Fig. 1 shows the etched surface of adjacent faces obtained on 
cutting through the shaft radially, A after annealing, B before 
annealing. Fig 2 shows the adjacent fusion zones exposed by an 
axial cut. The pronounced coloration of the unannealed fused 
sections is significant of important structural changes, that have 
been quite normalized by the annealing operation. On inspecting 
Fig 2B it is readily conceived that the application of a large al- 
ternating stress at the end of the deposit would result in early 
fatigue failure. 

The hardness of the unannealed and annealed surfaces in and 
adjacent to the fused areas was explored at intervals of about 
1/64” with a Sclerescope, the results from using a Baby Brinnel 
proving unsatisfactory. The hardness change radially from the 
perimeter of the built up shaft is shown in Fig 3. This reveals the 
important condition that within a 0.1” wide zone, the hardness 
increases rapidly from 25 to 36 and drops still more rapidly to 25. 

This graphical illustration of the sudden changes in hardness 
and structure on some unannealed welds facilitates the visualiza- 


*Why Some Welds Fail, Wé'ding Engineer, Jan., lel, pe. 26 
t Salvage of Worn Steel Car Wheels; Forging and Heat Treating. Jan., 1923, pg. ™ 
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tion of internal stresses as well as the possible unequal distribu- 
tion of applied stress resulting from differences in elastic prop- 
erties. It is well known that such welds have a low fatigue re- 
sistance. However, upon annealing the shaft section the hardness 
variation is greatly reduced and a structure secured capable of re- 
sisting alternating stresses. 

Most are deposited metal may be classified as low carbon cast 


A B 


Radial section thru a Built-up Axle Shaft, showing the Fusion 
Zone, A after annealing and B before annealing Note the broad 
band of structurally disturbed metal due to quenching in B. 


FIG. 2 


Axial section thru Shaft. Fig. 1, showing Fusion Zone, A after annealing and 
B before annealing 
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steel, the physical properties of which have been generally 


QUENCHED ARC 


WELDS 37 


as- 


sumed to vary only slightly with change in cooling rates. 

To secure some conception of the variations possible by extreme 
conditions of cooling through annealing in mica and water quench- 
ing, two practically identical welds were made by a skilled operator 


lerescope 
Hardness + Unannealed - 
Number 
~ 
a 
Annefled 
12 
Distance in inches radially from surface of axfe 
FIG. 3. 
Hardness variation radially thru annealed and unannealed fusion zone shown 
in Figs. 1 and 2. Full line unannealed, dotted line annealed 


experienced in experimental studies, 


using boiler plate as shank 
metal and bare mild carbon steel for electrodes. 
welds were ground flush, heated to 1700 


The completed 
F. for fifteen minutes, 


one was cooled slowly in mica and the other quickly water quenched. 
The following results were secured on tensile tests, both joints 


fracturing in the are metal: 
Pounds per Sq. In. 


U. T.S. Elas. Limit 
41,100 21,850 
62,400 37,800 


Although this test is not entirely 


Elon, in 1” 
Across Weld 
Annealed Weld 
11.8% 
Water Quenched Weld ae 
1.2% 
conclusive, because of the 
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small number of welds examined, it clearly indicates that large 
variations in strength, elastic limit and ductility of the joint are 
possibly due solely to the cooling rate and the necessity for nor- 
malizing specimens prepared for test purposes is obvious from the 
data. 

It is hoped that the above few examples of the effect of cooling 
rate on welded structures will stimulate the further investigation 
of the effect of heat treatment on arc welds for the purpose of 
securing a better control over residual stress, weld strength, 
ductility, stress distribution, shock and fatigue resistance. 


TECHNICAL BULLETINS 


No. 1-~—Stundiied Tests for Welds. 


Price per copy: Members, 25 cents; Non-members, 
50 cents. 


No. 2—Welding Wire Specifications and Folios. 


Price per copy: Members, 25 cents; Non-members, 
50 cents. 


No. 3—Standards for Electric Arc Welding Apparatus. 


Price per copy: Members, 15 cents; Non-members, 
30 cents. 


No. 4—Training Course for Oxy-Acetylene Welders. 


Price to Members and Non-members: 25 cents. 


No. 5—Welded Pressure Vessels. 


Price per copy: Members $1.50; Non-members, 
$5.00. 
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TECHNICAL QUESTION AND ANSWER COLUMN 


The 


From time to time the Society is requested to furnish 
technical information on various welding problems. This 
information in many cases is of general interest and in order 
that it may be available to our members we will publish in 
the Journal under the auspices of our research department, 
THE AMERICAN BUREAU OF WELDING, a Technica! 
Question and Answer Column. Although the statements 
given below are expressions of opinion of competent engineers 
they do not involve the Society or Bureau in any way. The 
Society does not intend through the medium of this column 
to solve these welding problems which should fall in the 
province of a Consulting Engineer. 


WELDING MANGANESE STEEL 


Bureau received a request for information from the 
Haagsche Tramweg-Maatschappij, Gravenhage, New Netherlands, 


for information on the following questions: 


1. Do the American street railway systems use the electric 
welding method in repairing manganese steel points, frogs and 


crossings ? 
2. Over how many years does the experience go? 
3. Is this method giving full satisfaction as a rule? 


4. Arethere many failures, and of what kind are those failures? 
5. Does the electric welding system on manganese steel castings 
result in “patching” only, so that nothing in the nature of a weld 


is obtained? 


6. Does the manganese steel alter its properties in such a way 


that its quality becomes inferior? 


7. Is there in point 6 any difference in the “ERA” manganese 
steel, as delivered by Messrs. Hadfields, Ltd., in Sheffield, and the 


manganese steel delivered by other manufacturers? 


8. Do you see any obstacle in using the method of repair in 


regard 


9. Do you see such an obstacle especially in case the electric 
welding method is used to build up the material at worn spots and 


blows? 

10. Is it true that only occasionally a satisfactory repair is af- 
fected, and that in a general way no reliance can be placed on the 
system? 

11. 


with safety? 


Is it true that a repair which today may have appearance 


of being satisfactory may fail at any moment? 


12. 


Is it true that under the best conditions the results are of 
such a temporary character that in the long run it is more eco- 
nomical to replace rather than repair castings of manganese steel? 

13. How many years longer life do the American railway sys- 
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tems get from their manganese steel castings by using the electric 
welding method? 

14. Would you kindly give us any further information as to the 
profits and disadvantages of the electric welding of manganese 
steel ? 

EXPERIENCES IN WELDING MANGANESE STEEL AND MANGANESE 
STEEL CASTINGS 
Haagsche Tramweg-Maatschappij, Gravenhage, New Netherlands 

Since some time we have been repairing the “ERA” manganese 
steel special work (furnished by Messrs. Hadfields, Ltd., in Shef- 
field) by means of the electric welding process, using mild steel 
for the ground and 14% manganese steel electrodes for the surface 
and finish. 

Our own experience is only of the last half year, but as far as 
we can see now all the work done is giving absolute satisfaction. 
The crossings and points which we have welded were showing big 
blow holes and hence their repair by the welding process. It is a 
fact that the blow holes which are appearing in several castings 
after some or more years wear, are an important drawback of the 
manganese steel, as it is only on account of those blow holes that 
the castings have to be renewed prematurely. 

We think this disprofit of the manganese steel may be decreased 
a good deal by using the electric welding method. Even if there 
should remain a possibility of a failure now and then we cannot 
see why there should be an objection against this method, as in the 
event of a failure there has not been anything lost. The crossing, 
then, has to be renewed just as same as would have been done had 
welding not been tried. On the other hand, if the welding shows 
to be successful there is a great saving in the costs of maintenance. 

London County Council Tramways 

We repair Hadfields “ERA” manganese steel crossings by means 

of the electric welding process, and it has proved very satisfactory. 
City of Leeds 

I have a large number of Hadfields Manganese Steel Points and 
Crossings, and have used the Electric Arc Welding method for re- 
pairing and building up the same. Generally the work has been a 
success, but we have had some failures. 

The Metropolitan Electric Tramways, Ltd. 

We have had some manganese special work welded, that is, re- 
treated and regrooved, both on the M. E. T. and L. U. T. at Manor 
House Junction, Edmonton Town Hall and Kingston, and the life 
of the work done is under two years, that on the L. U. T. and at 
the Manor House (M. E. T.) being done at the latter part of 1920, 
and at Edmonton early this year. Up to date this welding is hold- 
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ing up fairly well and we reckon to get at least two years longer 
life out of this special manganese work than we might otherwise 
have done. 

I understand that the difficulty of welding manganese depends 
on the date of the castings; as some of the Hadfields older patterns 
are not of as good quality manganese as new, and the welding will 
not hold up on these, but does more harm than good. 

Manchester Corporation Tramways 

We have welded a number of manganese points and crossings 
during the past three years. Whilst we have a few crossings which 
have failed after welding we are not prepared, so far, to say that 
such failures have been due to such welding, and we are at the 
present time engaged on further work. 

H. George, Engineer Maintenance of Way, Public Service Railway 
Co., Newark. 

In reply to your communication from the Haagsche Tramweg- 
Maatschappij, and referring to the questions raised according to 
their numbers, I beg to advise as to the experience of our company 
with reference to the welding of manganese steel special track 
work: 

1. Yes, we do repair manganese steel by welding. 

2. Our experience extends over a period of about nine years. 

3. While the results obtained are naturally not of a permanent 
character, we do not expect this when we make the repairs, the 
process being employed as an expedient to prolong the life of the 
piece and postpone its renewal for another year or so. In our judg- 
ment, if we succeed in adding a year to its life, the expense is 
justified and to this extent we frequently meet this requirement 
satisfactorily. 

4. Yes, we have frequent failures, principally due to disintegra- 
tion of the welding metal with which the manganese work has been 
built up. 

5. We regard the welding of manganese more in the nature of 
“patching” due to the difficulty of securing a thorough bond with 
the manganese steel, although sometimes this bond is more satis- 
factorily accomplished than at others. 

6. It is our observation that the welding ‘does not materially 
alter the physical properties of the manganese, and that even if it 
did it would not make any practical difference because when the 
time comes that repairs by welding becomes necessary the piece is 
otherwise ready to be removed. 

7. We have never used any special track work manufactured 
by Hadfields, Ltd., but have noticed that better results are obtained 
where our welding repairs are made on pieces manufactured by the 
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Lorain or Bethlehem Steel Companies than those made on pieces 
manufactured by other companies. This is probably due to the 
difference in manganese content of the various manganese steels 
employed. 

8. Do not see any obstacle to the use of welding as regards 
safety. 

9. We have used the electric welding process to build up worn 
spots and blow holes to good advantage. ’ 

10. This question is rather difficult to answer directly with 
either yes or no. It depends largely on what is meant by the term 
“satisfactory repair.” As stated under No. 3 above, we consider 
the repairs satisfactory if it prolongs the useful life one year. 
We consider all such repairs of a temporary character and where 
other track conditions are right we may expect to accomplish what 
we set out to do, although we do have a number of cases of failure. 

11. It has not been our experience that a weld which looks satis- 
factory may fail at any moment. 

12. No. This is decidedly not true. 

13. In our experience the actual average increase in the life of 
individual pieces obtained by the electric welding method of repair 
is about two years, although in occasional isolated instances as much 
as five years has been obtained. 

14. In making our welds, we sometimes use three grades of 
welding steel—hard, medium and soft, the first forming the wear- 
ing surface. As far as the claims of Messrs. Hadfields, Ltd., that 
the material is losing its special qualities due to the use of the weld- 
ing process for repairs is concerned, this has no merit whatsoever, 
because, suppose its special qualities were affected, the piece would 
otherwise be ready to scrap, so that affecting the special qualities 
of the manganese steel would not make any difference one way or 
the other as long as we are able to add two years or more to the 
life of the piece without removing it from the track, and without 
interfering seriously with traffic or affecting the safety of opera- 
tion in any way. 

C. F. Gailor, Consulting Engineer 

Regarding information relative to the welding of manganese 
steel, and particularly manganese steel inserts used in connection 
with special track work layouts on electric railways, would advise 
that my personal observations and experience in welding of this 
nature during the past ten years will serve as a basis for my 
answers to the list of questions enumerated in your inquiry. I will 
answer your questions in the order in which they are given. 

1. Electric welding is used quite extensively for work of this 
character. 
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2. I believe the first general practice of welding manganese 
steel was started in this country about 1910. 


3. The practice of this character of welding does give satis- 
faction when all factors incident to the situation are considered, for 
instance manganese steel parts are very often welded as a tem- 
porary expedient when it is expected by the engineers in charge 


that the repair will last only a few months, in some ca 


ses even a 
few weeks, but enables them to keep traffic going in a satisfactor, 
way until more serviceable repairs or replacements can be made 

4. There are failures in this class of welding the same as in al! 
others. These failures are the result of poor workmanship, un 
suitable welding materials and the fact that engineers often at- 
tempt to weld parts that are not suitable or capable of being welded 
in a satisfactory or permanent way. 

5. I believe that electric welding of manganese steel, when con- 
ducted in a manner consistent with the usual practice employed in 
this country, does result in what commonly can be considered a 
weld. The filling of blow and sand holes in castings with the elec- 
tric method of welding really does constitute patch work, but there 
is sufficient actual fusion of the metals to warrant the term weld- 
ing being applied. 

6. I assume your question is intended to inquire whether the 
welding of manganese steel alters its properties in such a way 
that its quality becomes inferior. If my assumption is correct I 
would state that a decided change in the character of the steel in 
close proximity to the weld does take place, but it would seem that 
this change is not of a detrimental character, as the manganese 
steel parts when so welded wear well and give as a general rule 
very satisfactory results. 

7. I am unable to give any definite information regarding this 
question but have always assumed that the Edgar Allen manganese 
steel process is used extensively in this country represents very 
closely the steel manufactured by the Hadfield Company. I also 
understand that there are some roads in this country which have 
used some Hadfield manganese steel in their track work, but so 
far as I am able to learn there apparently is little or no difference 
in the manganese steel used in this country with that furnished by 
the Hadfield Company. 

8. The practice of electric welding manganese steel in track 
layouts in this country is employed by nearly every railway system 
and, except for special cases, where broken parts are liable to de- 
rail cars, there is no objection to making repairs of this nature. 
Way engineers have to use proper discretion in executing this 
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work, as well as other work, and of course they find that there are 
some cases which do not seem advisable to weld, but as a common 
practice such cases are very remote. 

9. I can see no objection to welding in this way if the work is 
performed in a reliable manner. 

10. It is my belief that this process of welding does give satis- 
factory results in a very large majority of cases and where failures 
or poor results occur they can usually be attributed to causes other 
than the process of welding, for instance the manner of workman- 
ship is of the most vital importance in this character of welding 
and unless the work is done properly a failure will result almost 
immediately thereafter. 

11. It is true that little dependence can be placed upon the looks 


or appearance of a weld of this character. However, if a reliable 


practice which is quite general in this country is followed there 
should be little cause of apprehensension in welds of this nature, 
especially if care is taken to make such repairs in their early 
stages. 

12. The repairs to manganese steel in my judgment usually re- 
sult in a satisfactory repair so that the replacement of the parts 
would not only result in a waste of money but indicate poor engi- 
neering practice. 

13. This is a very difficult question to answer due to the fact 
that there are so many problems which effect the question, but as 
a general rule I believe it is safe to say that the life of manganese 
castings can usually be doubled if repairs are made in their early 
stages and suitable welding materials and proper workmanship 
employed. 

14. As to the profits and disadvantages of electric welding 
manganese steel I regret to say that I can give you very little in- 
formation. However, my answer to your question 13 can be con- 
sidered as having a very direct bearing on this question. 

I might add as a way of explanation that my experience in weld- 
ing manganese steel prompts me to make the following suggestions : 

First, the repairs to manganese steel which requires welding 
should be made immediately after a part has become broken or 
worn sufficiently to admit of welding. A light weld of 14.” or less 
in depth usually results in a permanent and satisfactory repair, 
whereas a weld of 1” or more in depth, which requires several lay- 
ers of weld metal, makes the work very difficult and the results 
problematical. 

Second, extreme care should be taken to keep the manganese 
steel as cool as possible and if necessary stop the welding to avoid 
overheating. 
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Third, do not expect satisfactory repairs from manganese steel 
inserts which are loose and subject to excessive impacts due to 
this condition. 

Fourth, the practice of applying a layer of very soft steel weld- 
ing rod and following this with a manganese rod possessing about 
the same percentage of manganese as the casting itself, usually 
results in a satisfactory weld. However, I have also had very 
satisfactory results from the use of a welding rod which con- 
tained approximately .50 to .60 carbon and only a small amount of 
manganese which is commonly found in rods of this character. 
For making light welds, where one layer, or at the most two 
layers, of this particular steel can be applied, it will be found that 
satisfactory welds can usually be obtained. 

Fifth, repairs of this nature should be ground and finished im- 
mediately upon completion of the weld, so as to relieve the welds of 
all unnecessary pounding due to the roughness of the repair as 
well as unatisfactory fitting of the wheel treads and flanges. | 
have witnessed cases where welds were left in an unfinished condi- 
tion and which were so rough on the surface as to require the meta! 
on a very small surface to carry the entire load and impact of 
heavy car traffic which obviously centralized stresses and exacts 
service from this steel far beyond its limits. 

V. Angerer, Miember Way Committee, A. E. R. F. A. 

In connection with letter received by you from the Haagsche 
Tramweg-Maatschappij, I beg to answer the questions as follows: 

1. American street railways use electric welding in repairing 
manganese steel points, frogs and crossings to some extent. 

2. The experience covers approximately ten years. 

3. Opinions vary as to whether the method is giving full satis- 
faction. My opinion is that it does not. 

4. In failures the weld spalls or breaks away and leaves a larger 
cavity than before. 

5. Whether or not the actual weld has been obtained depends 
upon the skill of the operator and other requisites. 

6. The properties in the parts surrounding the weld are de- 
cidedly affected and this is the cause of most failures. 

7. The difference in manganese steel produced by a number of 
manufacturers is only in degree of higher properties due to some 
difference in heat treatment. 

8. On electric railway tracks in paved streets repair work of 
this nature does not involve the question of safety. 

9, There is no particular obstacle in building up material at 
worn spots. 

10. I believe.that only occasionally a satisfactory repair is ef- 
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fected and that in general no reliance can be placed on the system. 

11. Repair may have the appearance of being satisfactory one 
day and fail at any moment. 

12. A repair can only be of a temporary character. Its econ- 
omy depends upon local conditions. 

13. I do not know of any case where the prolongation of use- 
fulness by repair can be measured by years. 

14. {fam submitting a separate reply in my connection with the 
Taylor-Wharton Iron and Steel Company. 

R. C. Cram, Engineer, Surface Roadway, Brooklyn Rapid Tran- 

sit Company 

Referring to the questions from the Haagsche Tramweg-Maat- 
schappij Co., I wish to answer as follows: 

1. American street railway systems use electric welding in re- 
pairing manganese steel points and crossings. 

2. This experience covers a period of about ten years. 
3. Asa rule the method gives full satisfaction. 

4. About 25% of the welds fail. 

5. Believe that a “weld” is obtained whenever a weld holds. 

6. Am not prepared to answer authoritatively, but believe that 
it does not alter its properties in such a way as to make its quality 
inferior, providing the welding is properly done. 

7. The product of each manufacturer has different character- 
istics. 

8. Ido not see any obstacle in the method of repair as far as 
safety is concerned. 

9. Do not see any obstacle of building up the material by elec- 
tric welding at worn spots. 

10. Believe that reliance can be placed on welding. 

11. It is possible that to a certain extent that a repair made 
today which has the appearance of a satisfactory weld may fail 
at any time. 

12. It is not true that the results are of such temporary char- 
acter that in a long run it is more economical to replace than to 
repair manganese steel castings. 

18. The average life of these castings is increased by the elec- 
tric welding method from one to three years. 

14. The advantages are so much that the use of the process 
has become a fixture with the electric railways in the United 
States. 

J. Caldwell, Alloy Welding Processes, Ltd. 

I am replying below to your queries giving what information 
we have regarding the welding of manganese steel: 
(a) Previous successful experience. 
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1. The reinforcing of manganese points and crossings con- 
nected with tramway track. 

2. The making good of defects in new manganese steel castings. 

3. Reinforcing the worn parts of excavating machinery. 

(b) Details as to how the welding was or should be done. 

For the welding of fractures in manganese steel it has been found 
advantageous to preheat the whole to a dull red. The welding 
operation should be carried out in as few separate runs as pos- 
sible and a light hammering of the deposited metal at short in- 
tervals should be resorted to, as by this means the deposited metal 
is sufficiently stretched and thereby tends to counteract the dan- 
gerous contraction strains set up during the operation. 
stretched and thereby tends to counteract the dangerous contrac- 
tion strains set up during the operation. 

For reinforcing purposes the preheating previously mentioned is 
not so necessary, but the hammering operation can be employed 
to advantage. 

(c) Precautions to be taken. 

The principal difficulty encountered with this class of work is to 
avoid cooling cracks due to the high degree of contraction met with 
in manganese steel. It has been found by experience that these 
cracks are usually only of a surface nature, probably due to the 
fact that the exposed surface contracts more quickly than the body 
of the metal. To obviate this difficulty it is advised that the weld 
should be made “full” following which grinding to the required 
dimensions will usually remove the aforementioned cracks. 

The possibilities of porosity in the weld deposit and the method 
of obviating same is dealt with in paragraph (e). 

(d) Reasons for previous failures. 

The success which has already attended the welding of man- 
ganese steel has only been obtained after carefully noting and 
thoroughly investigating the cause connected with previous failures. 

These failures can be attributed to lack of experience combined 
with a certain amount of misconception regarding electrode re- 
quirements. 

It would seem at first sight that it would be possible to obtain 
the desired results by using an electrode of similar alloy to the 
metal to be welded. This, however, is far from correct, and if 
such an electrode is used it will be found that the manganese con- 
stituent rapidly deoxidises in the arc and almost entirely disappears 
in the deposited metal. 

In addition to this loss a further disadvantage is introduced by 
means of numerous blowholes in the deposited metal owing to the 
rapid generation of gas therein. 
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The non-success of results thus obtained clearly indicated that 
entirely new methods must be instituted if success was to attend 
our efforts. 
(e) Detailed discussion of methods of materials that might have 
proven successful in the welding of manganese steel. 

When manufacturing special alloy steels in the electric furnace, 
steel and special alloys are added together in correct and carefully 
calculated quantities and allowance is made for losses due to 
oxidation, etc., during the processes of fusion. 

This principle has been the guiding factor in the production of 
the “A. W. P.” Patent Extruded Electrode. 

The core provides the steel and the special flux coating contains 
all the necessary additional ingredients in their calculated quan- 
tities, due allowance having been made for the losses which neces- 
sarily occur in the are during the alloying of the metals. 

The losses of manganese in this respect are very considerable, the 
reduction in the case of a 5% content amounting to as much as 60%. 


Test Sheet 
Distance MAXIMUM STRESS 
between on wer 
Mart Size Area gauge section 
Specimer Deseription in inches in inches. in. inches tons tons % 
1 Spec. Tensile A. -937 x .410 .384 a” 12.2 29.2 10.0 
2 Spec. Tensile B. -993 x .3882 .380 9 13.5 35.5 6.0 
3 14% Manganese 1.08 x .22 .237 — 11.0 46.3 7.0 


A further series of samples of metal deposited by A. W. P. man- 
ganese electrodes have been tested by Brinell meter, when the 
average readings gave a result of 470, compared with rail steel 
at 220. 

Results of tests to ascertain the relative hardness by means of 
“Brinnell” ball test upon two samples of steel. 


Ball, 10 mm. dla Duration of Pressure, 30 secs 
Diameter of Hardness 
Test. No Deseription Load Applied Impression Numeral 
BBR Kilos Millimetres 
4001 Sample 4”x1%"x5@" with weld 
material on upper surface 3000 (a) 3.30 340 
(b) 2.50 606 
(c) 2.90 444 
(d) 2.95 430 
(e) 2.85 460 
4017 Sample 4”x4"x'%”" (Hadfield’s 
Manganese Steel) 9282/1010 MN 
Steel 3000 (a) 4.25 202 
(b) 4.30 196 


The procedure employed in depositing these electrodes requires 
the electrode being manipulated in such a mannr as to produce the 
puddling effect in the deposited metal. This precaution is neces- 
sary to insure the complete alloying in the deposit of the ingredients 
contained in the coating. The puddling effect which tends to keep 
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the metal in a molten state for a slightly longer period of time has 
the additional advantage of allowing the occluded gases to be given 
off before the surface of the metal freezes, thereby eliminating the 
possibility of blowholes in the weld. 

The manganese content of metal deposited with these electrodes 
has been found by chemical analysis to be from 12% to 14°. The 
above test has been carried out with these electrodes by a well- 
known Sheffield firm of manganese steel makers. 

©. H. Eschholz, ‘Westinghouse Electric and Manufacturing Co. 

Our experience has shown that the manganese content in wear- 
ing surfaces should preferably exceed 10°. The manganese con- 
tent in commercial electrode material may vary from 10% to 15%. 
Numerous tests have shown that the loss in manganese on deposit- 
ing metal from a bare electrode will vary from 144% to 21%. 
While a coating stabilizes the arc, it has been found that with most 
of the coated rods available on the market, the manganese loss is 
at least equal to that secured when using bare electrodes, due to 
absorption of the manganese by the fluxing materials. To insure 
adequate manganese transferred, it is therefore desirable to em- 
ploy electrodes in which the manganese content does not fall below 
12%. It has been found possible to secure, in the deposited ma- 
terial, a manganese content equal to or greater than that in the 
electrode by coating the rod with powdered manganese. The use 
of this coating obviously permits the utilization of manganese 
steels having a wider range in manganese content. 

While it is my opinion that in many cases the rapid cooling 
received by the arc deposited metal in normal deposition is suffi- 
cient to give excellent wearing qualities, nevertheless it is desirable 
whenever practicable to water quench each deposit in lengths of 
approximately 3”. 

C. J. Holslag, Electric Are Cutting and Welding Company 

It is true that with a manganese steel electrode, manganese steel 
of a content similar to the frog or switch, or other part can be 
deposited, but we have yet to see manganese steel deposited which 
would have the same physical qualities as the original metal. This 
is because the heat treatment cannot be duplicated. Some people, 
recently realizing this lack of heat treatment made a compromise 
by dashing a little water now and then on the weld, but this, in my 
mind, is a joke and an admission of the facts, as stated above. 
The nearest approach to the qualities of manganese steel, as put 
forth today with arc welding, must be obtained by the use of a 
nickel-chrome electrode. This electrode will merge with manganese 
steel—will not crumble and is self air-hardening, and withal ma- 
chineable. We do not sell manganese steel electrodes for arc weld- 
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ing nor have we ever advocated their use. 
V. Angerer, Taylor-Wharton Iron and Stee! Company 

Much thought and experimentation has been expended by the 
railway companies and the makers of welding apparatus for ap- 
proximately ten years past in the endeavor to repair and prolong 
the life of manganese steel trackwork by welding and building up 
worn parts. Much has been written about it and published in the 
trade journals. The opinions vary according to the experience, 
the latter mostly depending upon the conditions and on the trattic 
to which the welded parts were exposed. In general such a weld 
is not and cannot be a practical success or permanent repair and 
must be regarded as a temporary expedient, the economy of which 
depends upon local conditions. 

The manufacturers of manganese steel have also done consider- 
able research work regarding welding of manganese steel in 
general by the electric arc process and the oxy-acetylene process. 
It is generally acknowledged that a good and actual weld of any 
steel depends largely upon the skill and experience of the operator. 
This is also true with manganese steel, but the common difficulties 
are greater than with ordinary steel and there is added the prac- 
tically unavoidable obstacle in that through the heat of the are or 
torch those wear and shock-resisting properties are destroyed, 
which are imparted to the manganese steel casting by the original 
heat treatment and which have made manganese steel so valuable 
in all its applications, including trackwork. 

The requisites for a successful weld on manganese steel are 
stated by the metallurgist of this company, Mr. John H. Hall, to 
be as follows: 

1. The metal deposited must be of approximately the same com- 
position as the body of the casting. 

2. The material deposited must not be seriously oxidized and 
must be truly welded to the body of the casting. _ 

3. The whole casting must be retreated after welding by heat- 
ing to 1050° C. and quenching. Treated manganese steel is made 
brittle by being heated to above 300° C. or about 400° C. and the 
brittleness resulting from this reheating is not altered by the rate 
of cooling. Local quenching of the weld would leave a brittle zone 
surrounding the weld produced by the heating of the welding 
operation. 

4. The manganese steel adjacent to the weld must not be burnt 
by the heat of the arc or torch, as it leaves a weak spot which even 
the retreating of the whole casting will not restore. 

Conditions 2 and 4 are common to welds in all steels, but are 
more difficult to obtain with alloy steels, such as manganese steel. 
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A skilled operator can comply with conditions 1, 2 and 4 in the 
field and secure a weld, but the third condition it is practically 
impossible to obtain and a weld made in the running surface of a 
manganese steel track casting therefore may or may not spaw! off 
or break out, depending upon the severity of the service. 

The following extracts from a report made by our Metallurgist 
some years ago will give further explanation: 

“In its cast condition manganese steel is extremely brittle, so 
much so that when broken a test bar of untreated cast manganese 
steel will give almost no angle of bend. In order to confer upon 
the metal the toughness which is so important a property in all 
its applications, the casting after it is taken from the mould is 
heated in an annealing furnace to a temperature of approximately 
1050° C., or 1920° F. After being heated to this temperature, the 
steel must be quenched in cold water, and it is important that it be 
put in the water as soon as possible without allowing it to cool off 
slowly. If it cools, even in the air, below a certain definite tem- 
perature, before being put in the water, the casting possesses very 
little toughness and is quite unfit for service. 

“If the toughened steel is again heated to a temperature over 
800° C. it becomes extremely brittle, quite as much so as in the cast 
condition, and it will be brittle after heating to these low tempera- 
tures whether it is cooled fast or whether it is cooled slowly. If 
heated after toughening to temperatures between 300° C. and 
about 700° C., the same is true, the steel being brittle even if cooled 
rapidly. If heated after toughening to temperature between 700° 
C and 1050° C. the steel will be brittle if cooled slowly, and will 
be more or less tough if cooled rapidly, the toughness increasing 
as the temperature is raised from 700° C. to 1050° C.” 

These facts are well known to all Metallurgical authorities on 
manganese steel and have been referred to in numerous papers 
and articles. A little consideration of them will show why welds 
made in the field are practically doomed to eventual failure. 


Various schemes of cooling the casting during the welding opera- 
tion, localizing the heat and arresting radiation, have been devised 
and tried out, but with very little improvement, as there must re- 
main somewhere between the true welded metal and the metal of 
the casting a zone of metal which has been heated to such a tem- 
perature where it has necessarily become very brittle, but where 
it cannot be restored to the proper strength and toughness by cool- 
ing. This forms a zone of weakness which, even if reduced in 
extent by local cooling, will, under the pounding of the wheels, 
almost necessarily result-in the separation of the welded metal 
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from the original casting, carrying with it a portion of the brittle 
metal. 

Many electric railway track engineers now realize this and have 
expressed themselves to that effect in articles in the trade journals. 
We might refer to an article on “Reclamation of Electric Track 
Work by Welding,” in the Electric Railway Journal of April 19th, 
1919; an article on “Special Trackwork,” in the “AERA,” the 
official organ of the American Electric Railway Engineering Asso- 
ciation, of August, 1922, and others. 

Some trial installations have been made of work made of other 
steels that may be more readily welded to determine the possible 
economy which must depend upon the relative first cost and the 
cost and frequency of the welding repairs. 

The economy of the manganese steel is in the average longer life 
of the original casting as against the life of other steels, including 
its possible prolongation through welding. 

J. C. Lincoln, Lincoln Electric Company 

As far as I know, there is no special difficulty in welding man- 
ganese steel. The only precaution which has to be taken is to use 
reversed polarity to quench the deposited metal as soon after de- 
position as possible. The deposited metal is more satisfactory the 
more rapidly the quenching is done after deposition. 

H. E. Bean, Engineer Way and Structures, New York St. Rys. 

I am not ready at this time to make the assertion that we have 
reached the solution of successfully welding manganese steel. We 
are, however, having success in securing proper cohesion, and to all 
appearances the deposited material is of the same color and tex- 
ture when ground as the old steel. Sufficient time has not yet 
elapsed since placing manganese welds in these hard centers to 
satisfy us that we have retained sufficient manganese to give the 
deposited material the same hardness as the old material. We 
are using manganese electrode furnished by the Transportation 
Engineering Company of New York City. 

In the application of the material, we strive to have the men 
hold as short an are as possible, and to have the current limited 
to the minimum necessary to give proper fusion to the material. 
It also seems to be important that the deposition of the material 
should be slow in order not to overheat either the deposited steel 
or the old steel. After placing the layer such time for proper cool- 
ing is allowed before further welding is done at that point. 

It is, of course, important that the surface to be welded be 
thoroughly cleaned before starting work. This is done by wire 
brushes, after applying kerosene oil and further scraping or hack- 
ing away all accumulations possible with a chisel. I think that it 
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might be possible to better clean this surface with acid, although 
we have never experimented with such. 


Manganese Steel Welding, Welding Encyclopedia 


The welding of manganese steel is a problem which is usually 
found in the frog shop on railroads, although dredge dippers, safes 
and other machine parts are manufactured from this metal. Some 
authorities claim that it is possible to weld manganese steel suc- 
cessfully, but in the author’s opinion the process is not yet a com- 
plete success, by the oxy-acetylene process. 

Manganese frogs and crossings contain between 11% and 13% 
manganese, and the nature of the problem will be better understood 
when it is explained that when the manganese content is increased 
above 2% or 3% the strength and ductility decreases, while the 
hardness increases. 

Manganese frogs and crossings frequently require building up 
at low points. These low spots are usually caused by the metal 
becoming fatigued and sagging from the constant pounding of 
rolling equipment. When made frogs or crossings occasionally 
contain blowholes, or pockets not visible to the eye. These pockets 
are generally just below the low point and extend the full length 
of the section which requires building up. Frogs and crossings 
containing such defects are not susceptible to a welding process. 
Should the section require the building up of a worn spot, caused 
only by constant pounding, it may be treated autogenously. 

The frog or crossing should be preheated to about 1250° F. 
(medium cherry) and after the worn spots are built up, during 
which process the frog or crossing is kept at the aforementioned 
temperature, it is allowed to cool very slowly. This can be ac- 
complished by burying the object in dry sand. 

The parts to be built up should, prior to starting the building-up 
operation, be thoroughly cleaned. Either files, wire brushes, or a 
portable grinder may be used for this purpose. 

The low sections should be built up in sections of about 1 square 
inch each. Care should be taken to raise the built-up section to 
the proper height. While the metal of each section is still hot the 
section should be hammered. This not only expands the new 
metal but also serves to impart a finished appearance to the weld. 
The proper surface alignment may be maintained by the use of a 
straight edge. 

Another method which has been used with success is to immerse 


‘the frog or crossing in a pan of sufficient depth and width to permit 


surrounding the entire object with water, a space of but about 34” 
below the surface of the rail showing. This pan may be so con- 
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structed that a constant flow of cold water passes through it. When 
this method is used no after treatment is necessary. 

The correct filler rod to use for this work is manganese, and these 
rods may be made by cutting up old manganese rails. Manganese 
welding rods are now manufactured for the welding trade. As 
manganese possesses a marked affinity for oxygen, however, and 
will burn out very rapidly under the influence of the torch, the 
necessary rods should not be cut out from old rails with the cut- 
ting torch. Some other method should be used, or, preferably, new 
rods procured. The process of building up the worn section will 
in itself burn out manganese from both the original rail section to 
as near a 11-13% content as possible, it is advisable not to multiply 
the difficulties by an advance reduction of the manganese content 
in the filler rod. 

The author has heard welders complain that under the action of 
the torch, manganese steel would “foam,” making it exceedingly 
difficult to execute welds. As a proposed remedy for this difficulty 
it has been proposed that a very fine aluminum wire be wound 
around the manganese welding rod in the form of long spirals. 
The introduction of a very small quantity of aluminum into the 
weld is said to “quiet” the metal. So-called foaming, however, is 
an indication that the manganese content has been reduced to a 
very small percentage. 

Metallic Arc Welding of Manganese Steel 

So far as known, the commercial are welding of manganese steel 
up to the present time, was accomplished only by the metallic arc 
process with coated manganese electrode material and by water 
toughening the added metal, the metallic arc form of autogenous 
welding being particularly adapted to the welding of metal of this 
character, since it is about the only form of autogenous welding 
which permits, without difficulty, the water toughening treatment 
of the added metal. 

The normal water toughening treatment amounts to raising the 
temperature of the metal until the desired structure is produced, 
and fixing it at that point by an increase of the normal cooling rate. 
Likewise, in the case of welding manganese, the metal heated to a 
high temperature by the welding operation, is suddenly cooled 
from a temperature as near equal to that for the desired structure 
as is possible. 

_ Electrode Material 

The use of a protective coating of the proper character on the 
electrode material is necessary to prevent vaporization of the man- 
ganese and carbon constituents due to combustion supported by the 
oxygen of the atmosphere. The function of the coating is to 
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envelop the metal in fusion with a thin slag film, confine the arc 
gases and exclude, to a great extent, the atmospheric gases. 

The coated manganese steel electrode material is furnished in 
the following standard sizes: 


Diameter Length 


%-inch drawn 14 inches 
5 /32-inch drawn 14 inches 
14-inch rolled 14 inches 
3/16-inch rolled 14 inches 


The size most generally used for track work is 3/16-inch and 
44-inch. The 3/16-inch size seems better adapted for general 
work, especially where 200 ampere welding units are used. 

The approximate arc current and voltage values for manganese 
electrode material are as follows: 


Diameter Approx. Approx 
Electrode Current Are Voltage Are 
¥-inch 100-120 20-25 
5 /32-inch = 150-170 22-28 
3/16-inch 175-200 25-30 
M4-ineh ...... 225-275 25-80 


The are length should be maintained as short as consistent for 
a uniform flow of metal, about 3/16 inch. If with this arc length 
the metal does not flow smoothly, it is likely that the are current 
value is too low. 

Polarity 

In practice it is found that an electrode-positive polarity gives 
a better welding characteristic and that the loss of carbon and man- 
ganese is less. For this reason where direct current is used, the 
electrode is made the positive and the work piece the negative. 

Are Manipulation 

When welding with manganese steel on either manganese or 
high carbon steel, it is found advisable to form a rather wide de- 
posit by a slight oscillation of the electrode to give a deposit approx- 
imately double the width of that obtained by drawing the electrode 
along a straight line. By this manipulation the deposited metal is 
kept in a molten condition for a slightly longer period, allowing 
time for the escape of any gas which may be included in the de- 
posit, and thus preventing the formation of blow holes. 

Water Toughening 

To prevent the formation of a brittle structure, the work piece, 
including the weld area is kept cool by quenching with cold water 
immediately after each electrode is used and more often on light 
sections where the part tends to become too hot, or at any time the 
welding is interrupted. The result to be accomplished is to keep 
the work piece cool enough to exercise constantly a quenching 
action on the deposited metal. Unless the cooling by water is 
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frequent, the rate of cooling will be variable with a corresponding 
difference in physical character of the added metal. 

In track work the cooling is accomplished by directing a small 
stream of water directly on the previously deposited metal until 
the heat retained in the part will just dry or vaporize the water. 
Before the welding is again continued, the surface where the arc 
is to be established must be dry, otherwise difficulty will be ex- 
perienced in establishing the arc. It is desirable to wipe the 
surface dry with a piece of waste when necessary before starting 
the are. 


Welding Procedure 


When building up track parts, such as frogs and crossings, it is 
advisable to apply each deposit diagonally to the direction of the 
traffic, and terminate the weld on a bias, the point of the bias being 
on the flange side of the rail. This procedure is thought to be the 
best practice in order to minimize the effect of construction and 
possible structural disturbance on the parent metal from the heat 
of the welding operation. 

To avoid roughness or overrunning of the added metal at the 
flange side of the rail and on both sides of points, a piece of fire 
brick or carbon block should be set in the flange groove so as to 
project up and form a wall for the added metal to flow against. The 
use of fire brick or carbon blocks for making forms at the extreme 
points and edges will greatly facilitate the welding and result in 
better and more uniform work. 

Where welding is done out in the open, a small shield 8 or 10 
inches high should be set up to shield the arc from the eyes of ob- 
servers and from air drafts, especially on windy days. Unless the 
are is protected from air drafts, welding will be very difficult and 
an unnecessary loss of carbon and manganese will result. 


Finishing 


If desired, the weld may be finished by grinding to allow a 
smooth approach for the wheel and prevent impact at the junction 
of the weld. However, if pains are to be taken by the operator to 
make as smooth a weld as possible, grinding is not considered 
absolutely necessary. The natural flowing characteristic of man- 
ganese steel will in a short time result in the weld becoming quite 
smooth. The operator should not only endeavor to make a smooth 
weld but should also use care to see that the top of the weld is level 
with other parts of the track work, being particular to avoid sharp 
humps or low spots. 
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Locomotive Frame Welding, A. F. Dillon. Welding Engineer, Vol. 8, May, 
1923, pp. 19, 20 and 32. 

Oxy-Acetylene Process Standard for Manufacture of Welded Storage Tanks. 
Acetylene Journal, Vol. 24, pp. 534-5. 

Plate Welding Apparatus. B. S. Robinoff, Canadian Pat. 228734. Off. Rec. 
(Feb. 13, 1923), Vol. 51, p. 363. 

Power Pipe Line Made of Welded Plate. Acetylene Journal (May, 1923), 
Vol. 24, pp. 552, 554. 

Treating Ties and Track Welding at Nashville. H. F. Benaugh, Electric 
Traction (May, 1923), Vol. 19, p. 255. 


Welding Oil Storage Tanks. Welding Engineer, Vol. 8, pp. 25, 28 and 29. 
Bottoms and roofs are welded fer containers having a storage capacity of 
80,000 barrels of oil. 
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VALUE OF MEMBERSHIP IN THE AMERICAN 
WELDING SOCIETY 


1. The American Welding Society is a national organization represent- 
ing the highest standards of the welding industry. 


2. The work cf its various committees is an important and valuable 


factor in developing, stabilizing and standardizing the entire welding in- 
dustry. 


3. Membership will help increase your knowledge of welding and 
help you te improve your application of the process. 


4. You are offered many opportunities to make personal contact with 
the leaders of the industry. 


§. You will profit by the experiences of the finest trained minds in 
the welding industry—experience which will save you money. 


6. You will receive a monthly publication giving reliable data on 
the development of the art. 


7. By supporting the Society you will help raise the standard of 
welding efficiency and help to increase the number of efhcient welders. 


8. Section meetings and publications of the Society offer a medium for 
the presentation of your knowledge of welding and the discussion of the 
views of others. 


9. Your support will help the Society to counteract adverse legisla- 
tion and other activities which may not only retard progress of welding 
but also affect your business. 


10. Increased membership will help us carry out new activities, will 
help us maintain departments, which at the present time our limited 
finances will not permit, such as Employment Bureau, Library Facilities, 
Standardization Work,- etc. 


Welding is the most economic process developed for the industrial 
world and deserves your full support. Write to the Secretary for an 
application blank. 


CLASSES OF MEMBERSHIP 


Class A. Sustaining members, being individuals or individuals delegated by corporations, 
firms, partnerships, ete., interested in the science and art of welding, with full rights of member- 
ship. Annual dues $100.00. 


Class B. Members, being individuais interested in the science and art of welding, with full 
rights of membership. Engineers or individuals competent by experience or training to plan or 
direct welding eperations are eligible to this class. Annual dues $20.00. 


Class C. Associate members with right to vote but not te hold office, except in Sections 
as may be provided for by the By-Laws of the Sections. Supervising welders, inspectors and 
skilled operators, with three or more years practical experience in welding, are also eligible te 
this class. Annual dues, $10.00. 

Class D. Operating members, who are welders or cutters by occupation, without the right 


to vote or hold office except in Sections ms may be provided for by the By-Laws of the Sections 
Annual dues $5.00. 


American Welding Society 
33 West 39th Street 
NEW YORK, N. Y. 
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Take the GUESS WORK Out of Welding 


IN YOUR PLANT there is a man who needs timely and accurate informa- 
tion about welding. He should know what is being done in other plants 
to reduce costs and increase efhciency. No matter what vour welding 
problem may be, The Welding Engineer is the best source of informa- 
tion, the best adviser you could have. Every phase of welding, both manu 
facturing and repair problems, is discussed fully in this valuable monthly 
publication. The best authorities in America on the subject of welding 
are regular contributors. 


Every process of welding is discussed by The Welding Engineer Are 
Welding, Electric Butt, Spot and Seam Welding, Oxy-Acetylene and the 
Thermit System, in fact every known process of joining metals is discussed. 
Its Buyers’ Index reflects the progressiveness of America’s first manufac 
turers. 


L. B. MACKENZIE, Eprror H. S. CARD, Associate Eprror 
Price $3.00 in the United States and Canada; $4.00 Abroad 


Write for free sample copy for convincing proof that 
The Welding Engineer is indispensable in your business 


The Welding Engineer 


608 S. DEARBORN STREET, CHICAGO 


THE GAS WELDERS MONTHLY MAGAZINE 
Acetylene Journal 


Every day brings new information on the subject of gas welding. New 
uses for the torch, business-building kinks devised by shop proprietors and 
a hundred other things which help the welder 

Oxy-acetylene welding has its own publication in the ACETYLENE 
JOURNAL. All the news and developments of the day appear in its columns 
in the shape of helpful illustrated articles, news items and contributions by 
the “other fellow’ which are helpful to you. 

Several thousand welders read the Journal Your name should be on our 
list Just send in your name, address and one dollar bill ($1.00 per year i: 
. S. and Canada, $1.50 abroad) and you will insure a years interesting 
and profitable reading on YOUR trade 

Write for a sample copy for convincing proof that the Journal is in 
dispensable to your business. 


STUART PLUMBLEY, Editor 
ACETYLENE JOURNAL 


122 So. MICHIGAN AVENUE CHICAGO, ILL. 


All books on welding may also be obtained through this offiee, including 
the famous “Autogenous Welding” by Granjon & Kosenberg (price $3.00), for 
which this office has the exclusive American rights. 
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Operators Like the Lincoln 


Because of the steady arc given by the Lincoln Welder, 
there is no breaking of the arc and the metal is kept flow- 
ing constantly without interruption or cooling, thus 
making a solid, strong weld of good metal without slag 
or porous spots. 


The welding operators who have used a Lincoln Welder 
prefer it to all others. This is a fact which no purchaser 
of a welder should overlook. They like it because it is 
easy to work with and because it enables them to turn 
out good work and do it speedily. 


THE LINCOLN ELECTRIC COMPANY 
General Offices and Factory 
CLEVELAND, OHIO 
The Lincoln Electric Co. of Canada, Ltd., Toronto-Montreal 
Branch Offices: 


New York City Chicago Boston 

Buffalo Fort Worth, Texas Charlotte, N. C. 
Cincinnati Pittsburg Minneapolis 
Detroit Philadelphia Los Angeles 


London, England 
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There is NO Substitute 
for Safety 


REGO 


Welding and Cutting Outfits 


Distributed Nationally By 


Kentucky Oxygen Hydregen Co.. 


Weldox Equipment Co., 
international Oxygen Co., 
Gas Produets Co., 
Memphis Oxygen Ce., 


St. Paul Welding & Mfg. Ce., 


Aeme Oxygen Co., 
Welderaft Equipment Ce., 
The Bastian-Blessing Ce., 


Are 


SAFE 
First Last and Always 


Logan St. & Goss Ave.. 


3 Millard Ave., 


796 Frelinghuysen Ave., 


682 Se. Main St., 
174 W. Third 


Pershing Road at Racine Ave. 
2723 


Liberty Ave., 
125 W. Austin Ave.. 


Louisville, Ky. 
N. Tarrytown, N. Y. 
Newark, J. 
Colembus, Ohie. 
Memphis, Tenn. 
St. Paul, Mina. 
Chieage, itl. 

Pittsburgh, Pa. 
Chieage, 
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Essentials for Safe and Reliable Electric Arc Welding 
WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 
Write for Booklet 


Transportation Engineering Corporation 


15 PARK ROW 220 SO. STATE STREET 
NEW YORK CHICAGO 


TORCHWELD Non Flash APPARATUS 
FOR WELDING AND CUTTING OF METALS 
Hand and Machine Torches in proper sizes for all Welding 
and Cutting requirements 
Acetylene Gas Generators. Gas Pressure Regulators. Lead 
Burning, Brazing, Soldering and Decarbonizing Outfits. 
Welding Supplies and Accessories. 


TORCHWELD EQUIPMENT COMPANY 


224 NORTH CARPENTER STREET CHICAGO, ILLINOIS 


ACETYLENE FROM CAKES 


The most modern, efficient and safest ‘source 


of acetylene supply—Carbic CAKES. 

Not an experiment. Hundreds of Carbic gen- Ll je 
erators using Carbie are in daily use on all , pyr 
kinds of welding and cutting work. | ‘SYSTEM 
The use of Carbic Cakes permits an ease of / bode ste 
handling, a convenience and a safety not other- 


wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


if 
if 


= 
CARBIC MFG. CO. = 2 
20 
Duluth, Minn. New York, 141-149 Centre St. cant 
Boston, 27 School Street Chicago, 565 W. Wash. Bivd. a 


Carbie low pressure, The Hendrie & Bolthoff Mfg. & Supply Co., Denver, Colorado. 
ortable generator. 
Woodward, Wright & Company, New Urieans, La. 
200 iba 


{ff 
fat 


yp a Offices and Representatives in other principal Cities 
Laboratories 
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Page-Armco Welding Rods remove 
all doubt regarding the character of 
the welding metal. 


They flow freely under the acety- 
lene flame, assuring an even, uniform 
deposit of dense, clean metal, and a 
dependable weld. 


They are the purest iron made com- 
mercially, and a recognized standard. 
The impurities taken in the aggregate 
do not exceed 16/100 of 1% when 
considering silicon, sulphur, phos- 
phorus, carbon, manganese, copper, 
oxygen, hydrogen and nitrogen. 


Conform in all respects to A. W. 8S. 
specifications, Grade G—No. 1-A. 


Yellow tag—ends of rods colored 
yellow. 


Page Steel and Wire Company 


Bridgeport, Conn. 


District Sales Offices: 


Chicago New York Pittsburgh San Francisco 


MANUFACTURERS OF: 


Reds—Armco Ingot Iron and Special 
Analysis Steels 

Wire-—Piain and Galvanized, Rope, 
Telephone, Telegraph, Bond, Strand, 
Oxy-Acetylene and Electric Welding 
Wire 

Fence—Woven Wire for Farm and 
Rallway Right of Way, Wire Link 
Protection for Industrial Plants 
Lawns, Schools and Estates, and 
Factory Partitions 


PAGE ~ARMCO 


GAS WELDING RODS 
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Give Your Welders the Benefit of Good Equipment 


The Purchaser of this G-E Arc Welding 
Set Writes: 


“The Arc Welder which we purchased from you is indeed doing 
splendid work and the quality of work performed is beyond our 
expectations. In our locomotive firebox work it is doing wonders 
and I assure you that should we need any additional welding 
equipment in the future, which no doubt we will, that we will 
take up the matter with you at that time.” 
Signed: 
Thomas McNally, President, 
PITTSBURG BOILER AND MACHINE COMPANY, 
Pittsburg, Kansas. 


Bulletins describing G-E Welding Equipment and the Welding 
School sent on request. Write our nearest office. 


General@Electric 


General Office C “ Sales Offices in 458-714p 
Schenectady, NY oO Pp any all large cities 
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USUALLY CARBIDE MEANS 
UNION CARBIDE 


It always does at 150 Union Carbide ware- 
houses, strategically located from Portland, 
Maine, to San Diego, California, and from 
Seattle on Puget Sound to Tampa on the Gulf. 


Union Carbide is always packed in blue-and- 
gray drums. 


UNION CARBIDE SALES COMPANY 


Carbide and Carbon Building—30 East 42nd St. 
NEW YORK CITY 


CHICAGO 
Peoples Gas Bldg. 


SAN FRANCISCO 
Balfour Bldg. 


84 
Linde 
Plants 

and 
Warehouses 


Service That Carries On 


INDE is vitally interested in aiding oxygen users. 
ie The will to help is futile if it is not combined with the 
ability to serve. In a nation-wide business such as the 
Oxygen Industry, ability to serve depends on physical 
facilities and organization. 


Linde Service only begins with seeing that your oxygen 
supply requirements, wherever you may be, are satisfied 
promptly and fully. It carries on—extends real co-opera- 
tion and constructive advice as to the efficient and economi- 
cal use of oxygen. Jt belongs to Linde users. 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Bldg., 30 East 42nd St. 
New York 


Balfour Building, San Francisco 
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Before Purchasing Please INVESTIGATE!! 
WILSON PLASTIC ARC WELDERS 


AND 


COLOR-TIPT WELDING METALS 


WILSON WELDER AND METALS CO. 
132 King St., New York 


CUTTING] 


The result of research and development dating back to the 
infancy of the industry. The Milburn Line include all sizes of 
Welding and Cutting Torches, Regulators, Generators and 

Complete Acetylene Compressing Plants. 


THE ALEXANDER MILBURN COMPANY 
1416-1428 W. Baltimore Street Baltimore, Maryland 


ROEBLING WELDING WIRE 


FOR 


ELECTRIC WELDING 


AND 


OXY-ACETYLENE (GAS) WELDING 


JOHN A. ROEBLING’S SONS COMPANY 
TRENTON NEW JERSEY 


New York Boston Chicago Philadelphia Pittsburgh Cleveland 
Atlanta San Francisco Los Angeles Seattle Portland, Ore. 
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UNA Rail Bonds 


A Path of Copper from Rail to Rail 


The installation of UNA Rail Bonds is the 
simplest and quickest method of bonding. 
A weld of the all copper bond is made direct 
to the steel rails. In this way, copper alone 
carries the current from rail to rail. Thus 
maximum power savings result and the full 
value from bonding is obtained. 


Investigate UNA Bonds now—they save money 


RAIL WELDING & BONDING CO. 
CLEVELAND, OHIO 


ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 
Do you understand our free loan cylinder plan? If not, 
We are glad to explain 
Supplied in the following size cylinders: 


10” x 30’—capacity 125 cu. ft. 
12”’x36’"— “ 
12”x44"—  “ 


Prompt and efficient service on any quantity through plants and 
warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 


(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Il. 
553 Monadnock Bldg., San Francisco, Cal. 
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ELECTRIC ARC 
WELDING 


Are you welding cracked water jack- 
cts, crankcases and frames without 
dismantling. 

The ALTERNARC will do it without 
preheating or warping and at a very 
low cost. 


ELECTRIC ARC CUTTING & 
WELDING CO. 


152 Jelliff Ave., Cormer Avon Ave., Newark, N. J. 
Telephone Waverly 7802-3 


Service for New England on Welding Wire Requirements 


ARMCO WELDING WIRE 


In Boston Stock 
FOR ELECTRIC WELDING FOR GAS WELDING 
irmco Blue Label in 14 inch lJengths.drmco Yellow Label in 36 inch lengths. 
On reels for G-E Automatic Also Cast Irén, Tobin Bronze, 
Welding Equipment Alum, ete. 


P. F. McDONALD & COMPANY 
STEEL 


it 


Thermit Welds 
in frame of 
_ Toggle Press. 


} 


Ncbict 


if 


Permanent Repairs of 


J 


Heavy, Broken 


Shafts Housings 
Crankshafts Rolls and Pinions 
Press Frames Locomotive Frames 


| 


Send for Pamphlet No. 1735 


METAL & THERMIT CORPORATION 


BOSTON PITTSBURGH CHICAGO TORONTO SOUTH SAN FRANCISCO 
120 BROADWAY, NEW YORK 
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Electric Arc Welding 
Equipments and Supplies 


Properly designed and built to give dependable 
service with least attention. 


SINGLE OPERATOR, VARIABLE-VOLTAGE TYPE, PORTABLE UNIT 


We Invite Inquiries on All Matters Pertaining to 
Electric Arc Welding. Send for Bulletin No. 127 


BURKE ELECTRIC CO. 


Manufacturers of 
ELECTRIC WELDING OUTFITS 
and 
ELECTRIC MOTORS AND GENERATORS 
FCR ALL PURPOSES 
MAIN OFFICE AND WORKS, ERIE, PA. 
Service-Sales Offices 


New York Detroit Philadelphia 
Pitishurgh Cleveland Buffalo 
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«Stations conveniently locat- %Airce 
Distributing Good Service’ 
Stations 
° We 


Anythingand Everything 
For Oxyacetylene Welding and Cutting 


Public faith in a product is a reflection 
of faithful performance. Thus, con- 
sistently, have Airco Oxygen and 
Airco Acetylene built up good-will. 


AIR REDUCTION SALES COMPANY 
Home Office: 342 Madison Ave., New York, N. Y. 


Manufacturer of Airco Oxygen and Airco Acetylene and other 
Airco and Airco-Davis-Bournonville products—Controls 
the Manufacture and Sale of National Carbide. 


Aw Reduction Sales Compeny maintaims its own Apperatus 
Repair Shop im each Airco District Office city. 


Aiteo District Offices, 
Plante and Distributing 


“Alreo Oxygen and 
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